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N 1951, a young man (Case 1) with vasomotor symptoms of a peculiar type 

(rapidly changing cyanotic patches) and symptoms of valvular disease of the 
right side of the heart was admitted to the Medical Department, The General 
Hospital, Malmé. The patient died after an angiocardiographic examination, 
and the autopsy revealed pulmonary stenosis, tricuspid regurgitation, and a 
I small carcinoid of the ileum with extensive abdominal metastases. In the 
| report! of the case, no satisfactory explanation of the vasomotor disturbance 
could be given. In an addendum, Cases 2 and 3 were briefly mentioned. 
{ During the spring of 1952, a woman with the same type of discoloration of 
the skin was observed by one of us (J. W.) and Dr. E. Ljungberg at the Medical 
| Department, The Central Hospital, Angelholm, Sweden (Chief: Dr. E. Ljung- 
berg). The symptoms had been in progress for 10 years. She had no symptoms 
| of any heart disease, but in 1944 she had had a malignant carcinoid of the ileum 
excised. At the time of operation there was already widespread metastases 
(Case 3). 
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In June, 1952, an old man from the General Hospital, Malmé, (Case 2) at 
autopsy was shown to have pulmonary stenosis, tricuspid insufficiency, and a 
malignant carcinoid of the distal ileum with large metastases to lymph nodes 
and liver (Dr. G. BjOrkman). 

These three case histories were read, and Case 2 was demonstrated at a 
meeting in Malmé, June, 1952. The similarities of the symptoms and findings 
in the patients seemingly indicated a close relationship between the lesions in 
the intestine, the skin, and the heart, and one of us (J. W.) suggested that at- 
tention to such skin lesions would bring forth more cases. This was stressed 
in a paper by Waldenstrém and Ljungberg.? (The lesions will be mentioned 
later in this paper and will also be detailed in a paper by Waldenstrém and 
Ljungberg’ now in press.) 

In September, 1952, another woman (Case 4) with the characteristic changing, 
patchy distribution, reddenings and cyanotic areas was observed by Dr. O. 
Nordenfelt (Senior Physician, the Medical Department, The Central Hospital, 
Jénképing), who, then, suspected a carcinoid of the small intestine. This was 
confirmed at operation and later by the microscopic examination. The patient 
in January, 1953, was referred to the Medical Department, Malmé, for study. 

Still another diagnosis of intestinal carcinoid according to these skin lesions 
was made by Dr. O. Ljung (Senior Physician, The Central Hospital of Karlstad, 
Sweden) in December, 1952. It was reported by him‘ and will be referred to 
later. Unfortunately the patient died following an explorative laparotomy, 
and there was only a partial autopsy. The liver showed carcinoid metastases. 

In January, 1953, Isler and Hedinger® from the Kantonenspital in Ziirich 
reported three cases of carcinoids of the small intestine with extensive metastases 
to abdominal organs and ‘“‘chronic endocarditis,’"” most pronounced in the right 
side of the heart and producing pulmonary stenosis and tricuspid insufficiency 
(Cases 7, 8, and 9). They had at the time of their report no knowledge of the 
Swedish cases. The Swiss authors described the autopsy findings and micro- 
scopic examinations and also gave concentrated case histories. Severe cyanosis 
was mentioned in all three patients. They also referred to a case reported by 
Scholte® and expressed their belief that carcinoids of the ileum with metastases 
to the liver, pulmonary stenosis, and tricuspid insufficiency constitute a definite 
syndrome. 

Rosenbaum and associates, in October 1953, reported two cases, one of which 
definitely and the other one with great probability belong to this syndrome 
(Cases 15 and 16). Only an abstract of their report has as yet been published.’ 

In this paper, we will describe the cases mentioned in some detail together 
with another case from our hospital records and four more cases from earlier 
literature that showed many similarities with others in this series. We _ believe 
that discoloration of the skin is an essential symptom, in many instances enabling 
the diagnosis of carcinoids. The persistent cyanosis described and the valvular 
disease are seemingly late manifestations. 


CASE REPORTS 


Case 1.—This case has already been reported.' K.G. was a 19-year-old boy, who had no 
history of rheumatic fever. From the age of six, dyspnea on exertion was observed. In the years 
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Microscopic slide from intestinal tumor (K.G.). 
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For particulars see the text. 


B, Slide from abdominal skin (K.G.). Shows widening of the vessels. 
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1943, 1945, and 1946, he was hospitalized with a diagnosis of bronchial asthma, the chief features 
of which, however, were cyanosis, ‘‘exanthema’’ over the face and body, and sudden dyspnea. 
Sibilant ronchi were heard over the lungs. Auscultation over the heart and roentgenographic 
studies did not indicate any cardiac disease at that time. He had had for several years color 
changes in the skin similar to those reported in the patient S.H.; they were observed by the 
family doctor. 

In 1951, liver enlargement, pitting edema and systolic and diastolic murmurs over the heart 
were observed. Blood pressure readings varied considerably: one week 140/105 mm. Hg was 
recorded; one week later, only 105/65 mm. Hg. From about this time there was a regression of 
the attacks of dyspnea but the general course was downhill. He complained of frequent spasmodic 
pain in the abdomen and had diarrhea periodically. He was referred to our hospital in 1951. 

We found a weak, underdeveloped boy with physical findings indicating a combined valvular 
disease, probably in the right side of the heart. There was pitting edema and moderate ascites. 
The liver was considerably enlarged, soft and nontender with pronounced systolic pulsations and 
a systolic murmur. 

The dorsal regions of the forearms showed a brownish, scaly thickening of the skin, which 
had appeared after exposure to sunshine. There was a curious color of the skin, the constituents 
of which were changing patches of blue, deep red, and a bright brick red. A more detailed record- 
ing of this and other findings was given in the earlier case report.! 

The electrocardiogram showed a right bundle branch block. 

On cardiac catheterization, high pressures were recorded in both venae cavae and in the 
right atrium. A violent regurgitant flow prevented access to the right ventricle. 

Angiocardiography showed pulmonary valvular stenosis. At the termination of anesthesia 
the patient developed ventricular fibrillation and died. 

The autopsy (Dr. S. Winblad) revealed a moderate valvular pulmonary stenosis due to partial 
fusion of the pulmonary cusps. These showed fibrosis at the margins but no sign of acute inflam- 
mation. The tricuspid orifice was very wide and the cusps were thickened and showed fibrosis 
and an acute infiltration with round cells. The right ventricle and atrium were enlarged with 
muscular hypertrophy. 

In the middle of the small intestine there was a small tumor with one single glandular meta- 
stasis and extensive metastases to the large liver. 

The tumor of the small intestine and the metastases were composed of strands and irregular 
solid masses of spheroidal and polygonal cells with defined cytoplasmic borders and darkstaining 
round or oval nuclei. Glandular formations were also seen. The tumor masses were supported 
by a scant amount of collagen stroma. The microscopic picture was that ofa carcinoid (Fig. 1, A). 

Slides from the skin showed an extreme dilatation of all capillaries and postcapillary veins 
(Fig. 1, B). 

Case 2.—S.M. was a 63-year-old man. He had previously been in good health. From 1916 
to 1936, he suffered from recurrent attacks of sub-ileus with abdominal distention and pain im- 
mediately after meals and alternating constipation and diarrhea. In 1936, a stricture of the lower 
ileum was found and an ileoileostomy which completely relieved his symptoms was performed. 
At the operation there was found a tumorous infiltration, big as a hen’s egg, in the mesentery 
corresponding to the site of the firm white intestinal stricture. For .technical reasons the tumor 
and stricture could not be extirpated. From 1943, he had periodically frequent loose stools, 
which gradually increased to continuous diarrhea with as much as 10 to 25 small watery stools 
every day in 1951 and 1952. He also had periods of sharp pain in the lower back and abdomen 
and intermittent fever. Repeated roentgenograms of the stomach and intestinal tract only 
showed quick passage in the small intestine and diverticulosis and, at times, irritation of the sig- 
moid colon. In 1936, roentgenograms showed slight widening of the left ventricle and marked 
widening of the thoracic aorta. The Wassermann test was negative. 

From 1943, he got dyspneic on exertion and after meals when he also had “heat waves’ 
reddening of the sclera. He also had attacks of nocturnal dyspnea with wheezing respiration and 
cough, which was relieved by Adrenalin. During his last two years these attacks ceased but the 
dyspnea increased, the liver was enlarged, and he had edema of the legs. From 1949 to 1952, he 
was hospitalized repeatedly. The second aortic sound on these occasions was exaggerated. The 
sounds were otherwise normal. No murmurs were heard. Blood pressure readings ranged between 


with 
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220/140 and 150/100 mm. Hg. During his last months, he developed a constant hypotension. 
Venous pressure readings ranged between 4.5 and 20 cm. of water. Electrocardiograms only 
showed left-axis deviation. The edema was treated with digitalis without much benefit, but 
sodium restriction, rest, and mercurial diuretics gave temporary relief. 

In the records from 1936, he had been noted to be pale. During later years he had a plethoric 
color and polycythemia was suspected in 1949 and 1950, when he actually was anemic with red 
blood count 3.4 and 3.6 millions and 64 and 65 per cent hemoglobin, respectively. The blood 
values returned to normal on iron therapy, only to decrease to the former values, and later could 
not be restored by iron intravenously or liver compounds. No blood was found in the stools. 
The total plasma protein was 6.5 to 5.9 gram per cent. In 1952, he became gradually weaker 
and lost weight rapidly; the anemia increased, the liver surface was found to be uneven, and there 
was a palpable tumor behind the lower end of his old laparotomy scar. He expired on June 6, 1952, 


Fig. 2.—Microscopic slide from the intestinal tumor (S.M.). For particulars see the text. 


The autopsy (Dr. G. Bjérkman) showed: narrowing of the pulmonary ostium and sclerosis 
and some retraction of the pulmonary cusps creating a stenosis of the pulmonary orifice, which 
only admitted the introduction of the second finger. There was partial fusion of the cusps at the 
marginal insertion. The aortic valve was dilated with separation of the cusps. Two of the 
aortic cusps were broad but otherwise normal, the third only rudimentary. There was no syphilitic 
aortitis, and the aorta did not appear widened. The mitral and tricuspid valves were normal. 
The epi- and endocardial surfaces were normal. There was moderate muscular hypertrophy: of 
both ventricular walls; the heart weighed 380 grams. The coronary arteries were wide and 
tortuous. They showed no atheromatosis, and there was no infarction of the heart. In the left 
pleural sac 200 c.c. clear yellow serous effusion was found. The lungs were emphysematous with 
basal bronchopneumonic infiltrations. In the distal coil of the ileum which was shunted off by the 
ileostomy, 20 cm. from the ileocecal valve was found a firm constricting tumor which projected 
as a polyp into the lumen. There also was found a solitary metastasis, big as a hen’s egg in the 
mesentery. This status seems to have been unchanged since the operation in 1936. There were 
extensive metastases to the para-aortic nodes, the omentum, the head and tail of the pancreas and 
the liver. The metastases were in part necrotic and hemorrhagic. Slides from the tumor and the 
metastases showed pictures (Fig. 2) identical with those from Case 1. 
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The following three cases show no apparent signs of valvular heart disease 
but with this exception have the typical findings of this series. They have been 
included because of their excellent demonstration of the typical signs in the 
Case 3 has previously been reported with comments.? 


peripheral circulation. 2 
Further studies will be reported later.*’ 

Case 3.—E.P. is a 43-year-old woman. During adolescence she was repeatedly treated 
for tonsillitis and polyposis nasi until tonsillectomy was performed in 1927. She was also treated 


for dysmenorrhea and menorrhagia. The uterus was found myomatous and the ovaries were 


enlarged in 1943. 

From 1940, she suffered from sudden flushes. During the first years they were initiated by 
anxiety or muscular effort, later also by strong spices and hot food. However, they often came on 
seemingly spontaneously. They were accompanied by an extreme feeling of heat, tachycardia, 
and weakness and were sometimes followed by dizziness and prostration. The flushes are of the 


same type as in Case 4. They will be detailed under the heading Cutaneous Phenomena. 


B. 


Fig. 3.—Phonocardiograms from the apex region (E.P.). A, Before, and B, a few minutes later 
during a moderate flush. Corresponding tracings were taken with the same channels and the same 
amplification. Note the appearance during flush of a presystolic and systolic murmur and also the 


change in loudness of the heart sounds. 


From 1947 to 1950, she showed wheezing and stridorous expiration at the termination of the 


major flushes and was told that she had ‘‘asthma.”’ This gradually diminished. From 1942, 


she could feel a small resistance to the left in her abdomen. She was operated on for this in May, 
1944. There was found a constricting tumor of the small intestine with metastases in the regional 
lymph node, the ovaries, and the liver. The tumor was excised and at the microscopic examina- 
tion was shown to be a carcinoid. (Prof. A. Lindau.) 

From 1943, she has had diarrhea: one to two, at most five, watery stools a day, decreasing 
in the latter years. She has frequent borborygmi and severe abdominal pain. 

There has been no edema or ascites. During the last six months she has become very weak, 
and lost appetite and weight. During recent years, she has been studied several times at hospitals. 
The heart studies have always been normal, also during flushing. She has recently been studied 
at the Medical Department, Malm. 

She was very weak and thin and she looks very ill during days with repeated flushing (there 
can be as many as 24 flushes a day). 

The heart sounds were found normal in flush-free intervals. During early flushing there 
now appears a Grade 3 systolic murmur over the second and third left intercostal spaces. Phono- 
cardiograms show it to begin in late presystole (Fig. 3). The second pulmonic sound is normal. 
Electrocardiograms including right-sided chest leads and unipolar limb leads are normal and do 
not change during flush. Ballistocardiographic studies will be reported in a separate paper 
together with studies of pulse, heart rate, and systolic and diastolic arterial blood pressure.® The 
peripheral arteries are very prominent and pulsate vigorously during flush. There are no venous 
pulsations and the veins are not distended. There is no clubbing. 

There is sometimes expiratory stridor during regression of the flush. 
Roentgenograms of the small intestine only show quickened passage. Some 


The liver is enlarged 


and slightly tender. 
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of the most pertinent laboratory findings are: red blood count, 4.0 million with 80 per cent hemo- 
globin. Sedimentation rate 3 mm. in one hour. 


Case 4.—This is the case of Nordenfelt in which a diagnosis of intestinal carcinoid was 
suspected owing to the peculiar type of ‘“‘flush’’ and cyanosis described by Waldenstrém and 
Ljungberg. S.H., a 48-year-old woman, in 1941 suffered from cholelithiasis, and a cholecystec- 
tomy was done with relief of symptoms. That year she also was hospitalized for acute poly- 
arthritis. Since then she has had no arthritic symptoms. 

In 1942, she began to blush, or rather, ‘‘flush."’ She became rapidly and intensely red all 
over the body and felt uncomfortably warm. She also felt pain in her abdomen after meals, 
Since 1948, the pain has been more sudden and sharp in the epigastrium. There were borborygmi 
and she developed diarrhea, from 8 to 10, even 20, sudden watery stools a day. She saw no blood 
in the stools. There was a connection between the borborygmi and the flushing of her skin. 
From 1950, she observed patchy cyanosis which came at the termination of the flush and gave her 
skin a ‘‘geographical” pattern as “red islands in a blue sea.’’ She also observed permanently 
wide blue veins on her nose and cheeks. Both flush and cyanosis varied in intensity from hour to 
hour and day to day but showed slow progress until October, 1952. The flushes often were 
initiated by intake of food and followed by slight dizziness during the cyanotic stage. She also 
had slight ankle edema in the evening. She was hospitalized in Jonképing, Sweden, in September, 
1952. A malignant carcinoid was suspected by Dr. Nordenfelt. Roentgenograms showed an 
intestinal tumor with dilatation of the jejunum but rapid passage. 

She was operated in October, 1952, when there was found a yellow-white tumor of the small 
intestine with metastases retroperitoneally, in the omentum, both ovaries, and the liver which 
was enlarged. There was brownish-yellow ascites. The intestinal tumor was excised together 
with the right ovary and the retroperitoneal and omental metas'ases. 

Immediately after operation, her flushes diminished in frequency as did the borborygmi and 
diarrhea, her appetite improved and she put on weight. She no longer has spells of dizziness and 
she feels better than for several years. The ankle edema has, however, increased, which partially 
explains her gain in weight. She is slightly anemic. She was admitted to our hospital in Feb- 
ruary, 1953, for study. Some of these studies are reported later in this paper. Other studies 
are mentioned ina paper by Waldenstrém and Ljungberg’ now in press.* 

The microscopic e samination showed the excised tumors to be a carcinoid with metastases. 


Case 5.—This is the case diagnosed and reported by O. Ljung.‘ B.G., a 43-year-old man, 
had an appendectomy in 1946 after an acute incidence of abdominal symptoms. The appendix 
was macroscopically normal. From about that time he had recurrent periods of abdominal dis 
comfort. He was examined by physicians in 1950, 1951, and 1952. In 1952, a big bulging epi- 
gastrial tumor was found, which previously had not been palpated. 

During 1951, the patient had episodes of ankle edema. The edema increased during 1952, 
but there was no dyspnea. The patient had “always” had a high facial color. During 1950, 
this rapidly increased and deepened, and he showed marked changing between vivid redness, 
normal color, and blanching of the face. These changes could occur several times a day. No 
predisposing factors were observed. From 1952, the color was a permanent extreme redness. 

He was hospitalized on Feb. 16, 1953 (County Hospital, Karlstad). At the time of observa- 
tion in the hospital the reddening was confined to his face. It was slightly cyanotic and much 
more intense than in any case of polycythemia or alcoholism observed by the physicians of the 
hospital. There was no clubbing. The eyegrounds were normal. There was marked edema in 
the legs. A slight systolic murmur was heard over the entire precordium. The arterial blood 
pressure was 150/100 mm. Hg; the venous pressure, 12 cm. saline. An electrocardiogram was 
normal. Roentgenograms showed normal lung fields and slight enlargement of the heart. A big 
rounded tumor bulged the upper abdomen. Roentgenograms of the stomach, large bowel, kid- 
neys, and gall bladder showed impressions and dislocations due to the tumor. 

Laboratory findings revealed a negative Meinicke test, hemoglobin 70 per cent, and red blood 
count 3.4 million. White blood count and differential count were normal, as was the bone marrow. 
Platelets 100,000. Total serum protein was 6.2 per cent. Takata test negative; thymol extinction 


*In 1953, there were no.indications of any heart disease. In April, 1954, a strong. harsh, systolic 
murmur had developed. See also footnote page 815. 
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test 0.4 unit. Alkaline phosphatases, 5.2 units. Nonprotein nitrogen, 33 mg. per cent. The 
urine showed traces of albumen but no sugar. 

After the communication of Waldenstrém and Ljungberg about skin lesions in carcinoids 
the tumor was believed by Ljung to be caused by carcinoid metastases in the liver, but an explora- 
tory laparotomy was made as the tumor appeared to be cystic. 

At the operation on March 2, the liver was riddled with big yellow-white tumors. A biopsy 
showed the characteristics of carcinoid metastases in the liver (Prof. R. Fahreus). 

The day after the operation the patient had fever, the nonprotein nitrogen increased, and he 
expired on March 9. 

Only a partial autopsy was performed (not by a pathologist). No primary tumor was found 
and no metastasis in any organ except the liver was observed. The heart was found enlarged. 
Owing to unfortunate circumstances, no satisfactory organ autopsy and no microscopic examina- 
tions were made. 


In his article the author* expressed the opinion that the combination of 
vascular phenomenona of the type reported and carcinoids already seems to be 
an established fact and not only a coincidence. 

In our hospital records we found the history of E. K. 


Case 6.—E.K., a 59-year-old woman, had felt weak and nervous since 1924. In 1938, she 
was hospitalized for disagreeable hot flushes. She was thought to be neurotic. Her heart status 
was then regarded to be normal. Since about that time she suffered from severe flushes. During 
the first six to seven years, they came on suddenly with intense reddening of the face and neck, 
and she felt hot and uncomfortable all over the skin. Between the flushes, which especially were 
initiated by food, her face had normal color. From about 1945, the color got deeper red with a 
cyanotic tinge, and a butterfly area over the nose and cheeks became distinctly cyanotic during 
flushes. Between flushes, it later became permanently red and during her last months perma- 
nently deep blue. The rest of her face became permanently red and coarse. The temporal arteries 
often pulsated vigorously for a while and she felt so dizzy that she had to lie down. If she then 
tried to sit up she got intensely cyanotic and fell back. She felt very weak but was remarkably 
stimulated by strong coffee. 

From 1945, she had 3 to 5 loose stools every day and in addition frequent tenesmus, often 
initiated by meals. Roentgenographic examinations of the large intestine and stomach were 
normal, 

She developed hyposalivation and xerostomia. Later she became weaker, had diffuse pain 
in the abdomen and intermittent attacks of sharp pain in the lower abdomen and lost weight. 

From 1950, she had intermittent edema of the legs. This became permanent and increased 
in 1950 with swelling of the abdomen. She was thought to suffer from heart failure by two visiting 
physicians. Digitalis was tried without benefit. 

The patient was referred to the medical department on April 2, 1950. She was then extremely 
ill and cachectic with dyspnea and marked edema of the legs. Her skin was dry and atrophic, 
most markedly on her hands and feet but also all over the body. She had deep cyanosis of the 
face, especially over the nose and cheeks. Her forearms, hands and legs also were cyanotic, and 
visible mucous membranes were markedly red with a cyanotic tinge. 

There was a weak systolic murmur over the upper precordium, especially over the pulmonic 
area. The blood pressure was 165/125 mm. Hg. The liver was enlarged and reached below the 
umbilicus. Its surface was uneven with ascites. 

Laboratory findings: Hemoglobin, 90 per cent; red blood count, 4.2 million. Sedimentation 
rate 30 mm. in one hour. An electrocardiogram showed right-axis deviation with high-peaked 
P waves and diphasic T waves in Leads II, III and CR. 

The attending physician was puzzled over the deep cyanosis, which he could not explain. 
The day after admission she developed Cheyne-Stokes respiration and expired. 

The autopsy revealed multiple small tumors in the lower ileum 2 cm. above the ileocecal 
valve with glandular metastases in the mesentery root. Other groups of lymph nodes belonging 
to the prevertebral pelvic regions also showed metastatic infiltration, as did both the ovaries. 
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The liver showed numerous small metastases. The tumors of intestine, lymph nodes, liver, and 
ovaries showed the same microscopic picture. They were composed of cords and trabeculae 
made up of rather large, uniform cells with pale cytoplasm and round nuclei with delicate chro- 
matin granules and large distinct nucleoli. Only very few mitoses were seen. The tumor masses 
were supported by slender strands of collagen stroma. The microscopic picture was that of a 
carcinoid (Fig. 4). 


Fig. 4.— Microscopic slide from the intestinal tumor (E.K.). For particulars see the text. 


At the post-mortem examination, the heart was noted to be normal.  Clini- 
cally there were no auscultatory signs indicating a valvular disease. The electro- 
cardiographic findings, however, suggest strain of the right side of the heart and 
are strikingly similar to most electrocardiograms from patients with well-de- 
veloped pulmonary stenosis.’ There were no clinical signs, and there were 
no autopsy findings except slight emphysema indicating a pulmonary genesis. 
Both exaggerated P waves and right-axis deviation may be caused by a vertical 
position of the heart, but we do not think that this is the sole cause in this patient 
with such marked changes. 

We are more inclined to regard this finding as indicating an increased pulmo- 
nary vascular resistance, either functional or organic in nature. If functional, 
it might be regarded as an earlier phase in a development of structural valvular 
disease. If organic, it might easily have been overlooked at autopsy owing to 
the current technique of opening the heart, as pointed out by Green and as- 
sociates,'! the lesions in some of the cases of this series not being very pronounced. 

Isler and Hedinger® have published three cases from Ziirich that showed 
carcinoids of the small intestine, disseminated metastases, pulmonary stenosis, 
tricuspid regurgitation, and marked cyanosis. We summarize their report 
here. 
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CasE 7.—A 56-year-old woman had formerly been in good health. Some months before 
her death she developed diarrhea with 6 to 8 watery stools a day, abdominal pain, and cachexia. 
Later there was marked edema of the abdomen and legs with reddened skin and pruritus. At the 
time of hospitalization she had marked edema and deep cyanosis despite a hemoglobin of only 
The skin was bluish red and scaling. The heart sounds were strong with loud systolic 
murmurs Over all orifices. The pulse was very thin with blood pressure 120/80 mm. Hg. A roent- 
genogram of the heart was normal. An electrocardiogram showed rather high P waves in Leads 
Iand II. The abdomen protruded and was tender, the liver enlarged. Laboratory findings were 

Repeated roentgenographic examinations of the stomach and the 
Digitalization was tried but resulted in vomiting. She deteriorated 


82 per cent. 


also suggestive of liver disease. 
intestinal tract were negative. 
rapidly and died three weeks after admittance. 

The autopsy showed dilatation of the right atrium and both ventricles with muscular hyper- 
trophy of the right heart. There was scarring and vascujarization of the tricuspid leaflets. The 
pulmonary valves were thickened and fused, creating a stenosis of the ostium. The circumference 
of the tricuspid ostium was 6 cm., the pulmonic 4.5 cm., the mitral 9 cm. and the aortic 6.5 cm. 
Cholelithiasis and cholecystitis were found. There was a small intestinal tumor 1 M. from the 
The liver was enlarged and studded with metastases, large as cherries. 


flexura duodenojejunalis. 
The tumor and the metastases showed 


There was metastatic infiltration also in the right ovary. 


the morphology of an intestinal carcinoid. (Particulars of the autopsy are given in the original 


paper.)* 

Case 8.—A 64-year-old woman was hospitalized because of progressing dyspnea, cyanosis, 
and edema for one year and enlargement of the liver for several months. She also had 6 to 8 watery 
stools a day. Onadmission she was ina poor nutritional state and showed marked cyanosis, dysp- 
nea, and peripheral edema of the legs, where the skin was atrophic, reddened, and pruriginous. 

The heart sounds were loud with exaggeration of the second pulmonic sound and a harsh 
systolic murmur all over the heart, a short diastolic murmur, and a protodiastolic gallop rhythm. 
Anelectrocardiogram showed right-axis deviation. The abdomen protruded and was tender. The 
liver was enlarged with uneven margin. 

Laboratory findings suggested impaired function of the liver. 
Repeated roentgenograms of the stomach and the passage 


The hemoglobin was 85 per 


cent and the peripheral blood normal. 
time were normal. 

Digitalization caused profuse vomiting. Her symptoms progressed and she died 11 months 
after the first admittance. 

At autopsy there were found dilatation and hypertrophy of the right ventricle and dilatation 
of the right atrium. The pulmonary cusps were fused and thickened and the circumference was 
The tricuspid valve also showed fusion and thickening, the circumference was 9 cm., 


only 5 cm. 
The valves showed vascularization 


and the chordae tendineae were shortened and thickened. 
but no infiltration. 

In the distal part of the ileum there were eight small tumors; one of these could be followed 
into the mesentery. 

The liver was studded with metastases and there were also metastases in the right ovary. 
The tumor and the metastases were microscopically shown to be of carcinoid nature. 

Case 9.—A 33-year-old man, had shown intermittent cyanosis since his fourteenth year and 
had been told that he had heart disease. 

When he was hospitalized he had progressive cyanosis and pain in the left half of the chest. 
He showed intense cyanosis and slight ankle edema. The liver was large, tender, and pulsating. 
The veins of the neck also pulsated. There were systolic murmurs over all orifices. The second 
heart sound was clearly audible over the entire precordium and was after a short pause followed 
at the apex and in the pulmonary area by a weak diastolic murmur. The heart was enlarged to 
the left and the electrocardiogram showed right bundle branch block. In the first left rib there 
was a tumor, which was found to be radiosensitive. A biopsy of the tumor showed the character- 
There was slow progression of the edema, cyanosis, liver enlargement, 


istics of a solid carcinoma. 
Digitalization was without effect and the patient died. 


and enlargement of the heart. 

The autopsy showed a carcinoid tumor of the ileum, 120 cm. proximal to the ileocecal valve, 
with stenosis of the lumen and solitary metastases in the mesentery and at the porta hepatis. 
The liver was studded with metastases and there was also a small tumorous infiltration in the left 


kidney. 


| 
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The microscopic appearance of the metastases was somewhat varied and showed in parts 
columnar cells in bands, and in parts a pure carcinoid. The heart showed right ventricular hyper- 
trophy. The tricuspid valves were sclerosed and retracted. The endocardium of the right atrium 
was patchily thickened. The circumferences of the ostia were: the tricuspid, 8cm.; the pulmonary, 
3.5. cm.; the mitral, 9cm.; and the aortic,6cm. The microscopic examination showed vasculariza- 
tion and sclerosis of the valves. The thickened patches of the endocardium of the right atrium 
were constituted by dense collagen. There was no inflammatory infiltration. 


Isler and Hedinger believed their three cases to be members of the same 
syndrome and cite also that of Scholte.6 They do not mention any opinion 
regarding the pathogenesis. 

CasE 10.—In 1931, the findings in a 47-year-old man were reported.‘ From childhood 
he had a remarkable bluish red color to his face. The color grew deeper in the last three years 
before his death, and the skin of his legs and body also got more red. He was admitted to the 
dermatologic ward where by microscopic examination a great number of thin-walled pools of 
blood in the corium were found. These vessels gave rise to the peculiar color. A diagnosis 
of capillary ectases or angiomatous new growth was made. At this hospitalization there was 
also found an enlargement of the heart by percussion and a systolic murmur over the pulmonary 
orifice. No edema is mentioned on this occasion. In 1928, he was hospitalized in the medical 
department of the University in Amsterdam. His complaints then were dyspnea, cyanosis, 
and watery stools (the duration of these latter symptoms was not mentioned). The liver was 
enlarged and firm. The physical findings seem to have been unchanged. In February 1929, he 
was again admitted because of signs of heart failure and confusion, watery stools, and loss of weight. 


i He died 3 weeks later. 

At autopsy there was found some hyaline degeneration and general widening with stasis in the 
precapillary arteries, the capillaries, and the postcapillary veins in the superficial layers of the 
corium and to a lesser degree in the subcutaneous tissues. 

The heart showed pulmonary stenosis with thickened and shortened cusps holding a fine 
capillary network and abundant fibroblasts. There was also lymphocytic infiltration. The tri- 
cuspid leaflets showed marked sclerosis. The endocardium of the right atrium showed thickened 
patches. There was marked hypertrophy and dilatation of the right ventricle. 

The lungs showed bronchopneumonia and a small infarction with a pleural exudate. 

A flat intestinal tumor 1 by 1 cm. was found 50 cm. before the ileocecal valve. At the corre- 


sponding site in the mesentery there was a big glandular metastasis which caused some obstruction 
to the lumen. 

' The liver was studded with metastases. There were also a number of concretions in the gall 

bladder. The parenchymatous organs showed congestion. The tumors were found by micro- 

i scopic examination to be a carcinoid with metastases. 


Scholte in his report did not believe in passive congestion as the cause of the 
| vascular changes, but would not venture any definite opinion as to the cause. 
He believed that the patient suffered from three different maladies: (1) angio- 
matosis, (2) chronic endocarditis, and (3) a malignant carcinoid of the ileum. 


Among the eleven cases of pulmonary stenosis reported by Currens and 
associates” we believe there is one patient who belongs to this syndrome (their 
Case 4). The findings are only briefly summarized here: 
Case 11.—The patient was a 43-year-old actress, who from childhood had had much indiges- 
tion with intermittent episodes of upper abdominal pain. 


On admittance she complained of progressive weakness, diarrhea with 4 to 6 small watery 
stools a day, weight loss, ankle edema, frequent night sweats, a sore mouth, cutaneous hyper- 
' esthesia, and circumscribed areas over the dorsum of each hand, where the skin showed a dusky 


red discoloration with a good deal of crustation. These symptoms had lasted about 10 months. 
She had had some loss of memory and mental confusion for an indefinite period. There had been 
no history of dyspnea, cyanosis, or ‘‘heart disease.” 


| 
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At examination she had generalized anasarca. The face was edematous, and the skin and 
lips were moderately cyanotic. The tongue was red and raw. The heart sounds were of good 
quality, the second pulmonic sound equal to the second aortic sound. There was a loud systolic 
murmur, and also a short rough diastolic murmur, best heard in the second and third intercostal 
spaces to the left of the sternum. (The pulse rate varied from 90 to 120.) 

The abdomen was distended and a large irregular mass was palpable in the region of the liver. 
The laboratory findings were: red blood count, 5 million; white blood count, 12,000 to 18,000; 
normal differential count; urine, normal; total serum protein, 6.1 gram per cent. 

A roentgenogram revealed a slight prominence of the pulmonary conus. An electrocardio- 
gram showed slight depression of S-T,, flat T, and T, and a low T;. 

Full digitalization was without benefit, as was a diet rich in vitamins. There was rapid 
progression of the symptoms and she died after three weeks. 

The autopsy diagnosis was (1) carcinoma of the ileum with metastases to the liver, ovaries, 
and thoracic duct, (2) pellagra, (3) pulmonary stenosis, (4) chronic passive congestion of the 
liver, and (5) ascites. 

The right ventricular wall showed muscular hypertrophy. The pulmonary orifice measured 
4.5 cm. in circumference and was moderately stenotic. The valve edges were thicker and more 
fibrous than normal. The surface of the valves was smooth. The mitral, tricuspid, and aortic 
valves were normal. 

No microscopic examination of the tumor and the metastases was reported. According to 
the great similarity of symptoms and findings in this case and in the others reported in this series 
it may be permissible to suppose the tumor to be a carcinoid rather than a carcinoma, which 
is also rare in the ileum. 


Arnett and Long™ in 1931 described a case which seems to have many 
points in common with our patients. 

Case 12.—This patient was a muscular 32-year-old man, who did not remember any previous 
illness. Several thorough examinations had revealed nothing abnormal with his heart. 

In 1927, he had an attack of cyanosis when chilled and afterwards these attacks got more 
frequent. He also had two attacks of severe dyspnea. 

In February, 1929, he developed ankle edema and a remarkable bluish-purple tinge and was 
hospitalized in April, 1929. The color was then deepest in the face, where it was a splotchy 
purple. This color was mainly or entirely due to the presence of engorged, deeply purple super- 
ficial blood vessels, many of which were visible to the naked eye. Microscopic examination of 
the finger by the Lombard method showed more numerous and more tortuous capillaries than are 
usually found. Portions of the trunk and the extremities also presented a purplish appearance. 
On striking the skin of the finger there was left a blanched trail for a few seconds. This quickly 
gave way to a bluish discoloration, and this in turn to a brick red color with blanched margins, 
the latter phenomenon lasting about 5 minutes. There was absence of cyanosis of the lips and 
fingernail beds. The response of the skin of the forearm to needle pricks through solutions of 
Adrenalin and also of histamine was normal. Physical examination revealed a very harsh systolic 
murmur over the entire precordium. It was best heard at the third intercostal space to the left 
of the sternum. There was no clubbing of the fingers. The arterial blood pressure was recorded 
to be 102/68 mm. Hg. Roentgenographic examination showed slight increase of the left ventricular 
image and of that of the right auricle. An electrocardiogram showed right-axis deviation. No 
venous pulsations were visible and the veins of the hand were seen to collapse when the hand was 
raised to the level of the chin. The eyegrounds were reported normal. The liver was felt 3 cm. 
below the margin and was hard. The white blood count was 10,000. Other hematologic findings 
were normal. The urine showed traces of albumin. The fasting blood sugar was 50 mg. per cent. 
At a glucose tolerance test the blood sugar rose to 260 mg. per cent after 2 hours with 1.1 Gm. per 
cent of sugar in the urine. 

The edema disappeared on rest and digitalis therapy, only to reappear rapidly. In May, 
diarrhea appeared, which persisted unto his death with 8 to 10 watery stools every day. He lost 
weight and got very weak, had curious seizures of shortness of breath, choking cough and at times 
cerebral attacks, when he was irrational during the night but rational in the day. The liver 
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became more enlarged. The skin of the legs was tense and shiny. Finally he got aphasic, had 
exaggerated pateller reflexes, Babinski’s sign, and myoclonic twitchings. He died in November, 
1929. 

At autopsy the right half of the heart seemed dilated. The epicardium was found normal. 
There was a moderate pulmonary stenosis. The sizes of the orifices were as follows: mitral, 8.5 
cm.; tricuspid, 9 cm.; aortic, 6.4 cm.; and pulmonic, 3.5 cm. The wall of the left ventricle was 14 
mm. thick and that of the right ventricle 6 mm. There was a small foramen ovale which was 
thought to be functionally closed, but no other septal defects. The heart muscle showed hyper- 
trophy and edema. The pancreas measured 12 by 4 by 3 cm., was of a yellowish color and firm 
consistency and contained several nodules. The microscopic examination is reported to have re- 
vealed an adenocarcinoma of the pancreas. The liver was studded with metastases, and there 
were metastastic infiltrations in the lymph nodes around the cystic duct and retroperitoneally. 
No other metastases were found. The authors believed that in the agsence of any signs of infec- 
tion, the pulmonary stenosis must be of congenital origin, although they found his previous good 
conditions and the absence of symptoms at earlier examinations most remarkable. 

Microscopic slides of the skin showed numerous blood vessels with dilated and thickened 
walls. The authors attributed the patchy cyanosis to local dilatations of superficial vessels with 
stasis of blood and supposed some connection between the heart disease and this dilatation. 


This unusually sturdy patient also showed a bluish-red discoloration with 
transient attacks of irregularly distributed cyanotic spots (before there were 
observed any auscultatory symptoms of pulmonary stenosis), severe diarrhea, 
pellagra-like lesions, and cerebral seizures which might have been induced by 
vasomotoric alterations. The anatomic diagnosis was carcinoma of the pancreas, 
but the history (notably the absence of pain or jaundice) is rather atypical for 
this diagnosis. Moreover the pancreas often shows metastases in malignant 
carcinoids (as in two of our own cases) of the intestine, and primary carcinoid 
growth has been shown by Feyrter™ to occur in pancreatic remnants. We 
believe that this case shows so many features in common with our other cases 
that we include it in this series, as it is an example of a patient with curious 
vasomotoric symptoms, malignant disease of the digestive tract, and a moderate 
stenosis of the pulmonary valve. 

Sir Maurice Cassidy has reported two cases of malignant abdominal disease 
with hepatic engagement and during a long time repeated flushings of the face. 
In one of these a well-marked valvular pulmonary stenosis was found at autopsy. 
In all probability it belongs to this syndrome.” 

Case 13.—A.W., a man, aged 31, knew of no previous serious illness. In June 1926, he com- 
plained of “rushes of blood to the face.””. In May, 1928, he was ill for two days with pain across 
the sacrum followed for several weeks by loose motions. He improved in June, 1928, and remained 
well for two years. During the summer of 1930, he suffered from recurrent attacks of diarrhea, 
flushing of the face, and to a less extent of the body, attacks of palpitation and dyspnea, several 
attacks of frequent micturition. There was persistent cough but roentgenograms of the lungs 
were normal. The bowel movements were irregular, periods of normal actions for a week or more 
alternating with attacks of watery diarrhea with movements as often as every half hour, day and 
night. During these attacks there was often frequent painless micturition. He was admitted to 
St. Thomas's Hospital, Sept. 18, 1930. On admission there was noted: phenomenal flushing 
of face, much exaggerated during emotion or during a meal, and numerous dilated venules of 
recent origin over the nose and cheeks. The skin of the trunk was usually of a mottled mauve 
color but with sudden changes to a vermillion hue. An exceptionally brilliant tache appeared 
slowly, lasted for a few minutes, and left a pallid zone of cutaneous vasoconstriction behind. 
Examination of the heart revealed a loud blowing systolic murmur down the left sternal margin, 
best heard near the fourth left intercostal space. This was felt to get louder and harsher during a 
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few weeks of observation. Arterial blood pressure, 150/120 mm. Hg. Pulse rate, 90 to 100. 
Temperature, subnormal. In his abdomen the liver was found enlarged, hard and irregular and 
the right kidney was enlarged. <A hard large mass filled the pelvis partially constricting the rectum 
two inches above the anus. 

Among the laboratory tests may be mentioned: Léwi's Adrenalin pupillary reaction, nega- 
tive; a moderate normochromic anemia; white blood count, 12,000 with a normal differential 
count; blood urea, 75 mg. per 100 c.c.; a low specific gravity of urine but no abnormal constituents. 
An electrocardiogram showed flat T waves. 

There was very slow progression of symptoms. He developed recurrent ascites and hard 
edema of the legs eventually and died on Feb. 5, 1931. 

At the post-mortem the lungs showed edema of the lower lobes. The heart weighed 270 grams 
and showed a well-marked stenosis of the pulmonary valve. The pulmonary artery above the 
valve was of normal dimensions. The ductus arteriosus was closed and the intracardiac septa 
uninterrupted. 

The abdomen contained a large amount of slightly purulent fluid. The stomach was smaller 
than normal with a normal mucous membrane. The large bowel appeared somewhat contracted. 
There was no dilation of the small intestine. (No mention of any organ autopsy of the small 
intestine was made in the report.) 

The liver was greatly enlarged and contained a large number of white, on the serosal surface 
often umbilicated, nodules. 

The pelvic organs were embedded in a very firm and large mass causing partial constriction 
of the hollow structures. The urinary bladder was extremely small with a pale mucous membrane. 
It looked as though the pelvis had been filled with plaster of Paris. There was no evidence of a 
primary new growth in the rectum, urinary structures, or the adrenals. 

The microscopic examination of several different segments of the pelvic “growth” only showed 
excessive fibrous tissue formation but no malignant tissue at all. Sections from the nodules in the 
liver showed that these “. . . resembled secondary deposits of columnar carcinoma, dissimilar 
to secondary deposits arising from a primary carcinoma of the intestine, but consistent with a 


primary carcinoma of the prostate.” 


This case shows most of the characteristics of the syndrome. There was 
nothing abnormal from abdomen or heart noted at several prior examinations, 
a slow progress of symptoms consisting of flushes, with cyanotic tinge and later 
telangiectases over the nose and cheeks (according to the excellent color plate 
published") attacks of palpitations, dyspnea and diarrhea for several years. 
Rapidly progressing auscultatory findings indicated valvular disease (no murmurs 
were noted in 1928, the blood pressure was then 140 80 mm. Hg), ascites, and 
edema of the legs. 

The post mortem showed a malignant abdominal condition with extensive 
involvement of the liver and a pure valvular pulmonary stenosis. The micro- 
scopic appearance of the liver nodules was confusing.”: Cassidy also reported 
a 48-year-old man, F. K., with malignant disease of the digestive tract, extensive 
metastases to the liver, typical sudden and rapidly changing flushes of the skin 
and marked variations in systolic and diastolic arterial blood pressure.'’ Whether 
this case belongs to this syndrome is a matter of dispute as the tumor was re- 
ported to be a carcinoma of the stomach and there were no physical findings 
indicating any valvular lesions, but it is referred to here for comparison. 

Case 14.—F.K. had “always” hada high color. From 1931, he experienced slowly increasing 
attacks of intense flushing of the head, trunk, and legs, often accompanied by palpitations and with 
a definite relationship to meals, beginning during eating. Sometimes defecation induced an 


attack. He had no diarrhea, but a good deal of flatulence with belching. He had nausea in the 
He lost weight. From 1933 he had edema of the legs. On admission to St. Thomas's 


mornings. 
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Hospital in September 1933, he was thin and wasted with protruding abdomen. His face was 
very flushed with multiple dilated venules and telangiectasis, arms rather red below elbows, 
marked erythema palmare, and ankle edema. 

There were no abnormal physical findings in the heart or arteries but marked variability of 
blood pressure, the lowest pressures (112/70 and 125/82 mm. Hg) recorded during flushes. There 
were ascites and a large irregular mass, which was thought to be the enlarged liver. Red blood 
count was 5.6 millions; hemoglobin, 95 per cent; no occult blood was found in the stools, but a 
test meal showed occult blood and absence of free HCl. The course was progressive with wasting 
and increasing edema and ascites, but the attacks of flushing became less frequent. The patient 
expired on Dec. 10, 1933. 

The autopsy was briefly reported to have shown carcinoma of the stomach with multiple 
metastases in the liver. The adrenals were normal. 

Cases 15 AND 16.—Rosenbaum and associates described the following two cases.’ We have 
only recently had access to their published abstract which, of course, gives no very detailed 
description. 

The first patient had for 20 years shown progressive dilatation of the superficial vessels of the 
skin on the face, later extending to the thorax, abdomen, and upper extremities, and ultimately 
. a frightening, purple gray hue.”’ Histologic studies 


becoming so severe that the face took on“. 
of the skin disclosed greatly dilated capillaries, venules, and veins considered to be pre-existing 
rather than newly formed. Venous pressure recordings made from the patient did not indicate 
pressures of sufficient magnitude to produce this type of dilatation of the vessels. For the last 
ten years of life (and incidentally from ten to twenty years after the appearance of the “‘telangiec- 
tases”) hepatomegaly was found. ‘The later years of life were characterized by progressive 
‘ congestive heart failure, primarily right ventricular in origin.” 

Post-mortem examination disclosed severe pulmonic and tricuspid stenosis with minor mitral 
valvular involvement and a carcinoid of the ileum with extensive hepatic metastases. 

The second patient showed the same type of vascular skin lesions for ten years before his 
death. During his last two years his liver was enlarged and he too showed symptoms of pro- 
gressive congestive heart failure of the right side. The symptoms and course resembled those of 
their first case so closely that the clinical diagnosis was reached ante mortem. 

The autopsy diagnosis was: severe pulmonic and tricuspid stenosis and extensive adeno- 
carcinoma of the hepatic bile ducts. 

In both cases the vascular phenomena were believed by Rosenbaum and his colleagues to 
have preceded the hepatic disease by several vears. No satisfactory explanation of the telangiec- 
tases could be given. They were attributed to an alleged rheumatic disease which also would have 
produced the unusual valvular disturbance. In one of the cases, Aschoff bodies were found (not 
mentioned in which case). Neither a history of any clinical symptoms of such a rheumatic incident 
was given, nor any particulars as to clinical symptoms and microscopic autopsy findings. 


SUMMARY OF CASE REPORTS 


In view of the rarity of both pulmonary stenosis and malignant carcinoid of 
the small intestine we believe that the fact that several cases have been reported 
to suffer from both conditions simultaneously makes this rather unsuspected 
combination a clinical and pathologic syndrome and not a pure coincidence. 
This conception was reflected by the addendum to the report of our Case 1. One 
of us (J. W.) and Ljungberg pointed out the peculiar type of flush and cyanosis 
and showed this in a patient with proved carcinoid and liver metastases. They 
originally attributed the vasomotor symptoms to the carcinoid and suggested 
and later emphasized the importance of the cutaneous symptoms as diagnostic 
signs of carcinoids of the small intestine and also mentioned the possibility of 
pulmonary stenosis in these cases.2* As already mentioned Isler and Hedinger 
also suggested that heart lesions of the right side and intestinal carcinoids with 
metastases to the liver constituted a new syndrome. 
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Recently Rosenbaum and associates thought it possible that generalized 
widening of cutaneous vessels, pulmonary and tricuspid stenosis, and neoplastic 
liver disease might constitute a clinical syndrome. 


The Principal Findings and Symptoms of the Syndrome Presented in Our 
Sertes.— 

A. 1. Malignant carcinoid of the small intestine with slow progression 
and metastases to the liver and also to other intra-abdominal organs. Dependent 
edema, frequent watery stools, borborygmi, and abdominal pain were common 
symptoms; ascites and pleural effusion more rare. 

2. Generalized widening of the small vessels of the skin. In some cases 
telangiectases. Pellagra-like cutaneous lesions in several cases. 

3. Plethoric coloration and total or partial cyanosis in the absence of poly- 
cythemia. Peculiar patchy flushing of the skin, in some cases combined with 
pilomotor symptoms. 

B. 4. Pulmonary stenosis of the valvular type and tricuspid regurgitation. 

5. Attacks of “bronchial asthma” of a rather unusual type. 

The valvular lesions and asthmatic attacks may possibly be initiated by the 
carcinoid. 

CUTANEOUS PHENOMENA 


A. Type.—The most outstanding and easily visible findings are those of the 
skin. Peacock" first pointed out that cyanosis is of a reddish-blue tinge in those 
cases of uncomplicated pulmonary stenosis which develop cyanosis. It comes 
late and only when decompensation has developed, being a part of this, as shown 
by Selzer and associates.'*° The cutaneous manifestations in our cases, however, 
are much more varied than those mentioned in other studies of pulmonary 
stenosis. They include: 


(1) Telangiectasis over the bridge of the nose and the cheek; (2) generalized widening of the 
capillaries and postcapillary veins of the skin (and also of the retina and the heart in Case 1); 
(3) late developing, localized, brownish, scaly thickening of the skin, somewhat resembling pel- 
lagra. It may be caused by the intestinal disfunction which manifests itself with diarrhea in 
these patients. A short treatment with nicotinic amide (pellagra-preventive factor) in Case 1 
prior to his death gave a slight regression. A diet rich in vitamins had no effect in Case 11. 
(4) The most characteristic symptom, which led to the correct diagnosis in Cases 4, 5 and 16, 
is a bright to deep purple flush, later mingled with heavily cyanotic and white blotches and very 
intense brick-red spots, all of these appearing, changing and disappearing. 

The cutaneous manifestations in Cases 1, 10, 12, 13, and 14 are detailed in articles 1, 5, 12 
and 7, and to some length in our quotations. They do not differ principally from those in Cases 3 
or 4, that have been studied with special interest in regard to the general circulatory symptoms 
accompanying the flushes. 

In S.H. (Case 4) they date five years back and had shown steady progression until the carci- 
noid was excised. Immediately after the operation they decreased in frequency and intensity as 
did the bowel movements. They consisted of very intense and sudden color changes, for which 
we think the word “flush” an appropriate term. They will be considered in detail in a separate 
paper by Waldenstrém and Ljungberg.* It will here only be mentioned that there could be seen 
four different stages during the flushes. Every flush begins as diffuse reddening of the face and 
the neck. It then disappears or spreads to the trunk and the extremities. In the third stage 
sharply demarcated irregular deep red patches stand sharply out against the surrounding skin. 
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They coalesce in part, often preceded by broad blanched margins. In the fourth stage there are 
in addition cyanotic patches of varying intensity and localization. They contrast remarkably 
against the other sharply margined white, deep-red and bright brick-red patches. The different 
stages vary from flush to flush in intensity and duration but seem in general to follow this outline 
both in Cases 3 and 4. 

B. Direct Studies of the Skin.—Betore the operation a difference in skin 
temperature of 9°C. was registered between adjacent red and white (or cyanotic) 
patches in this patient. After operation the differences, as registered with the 
same thermocouple by the same person, have been smaller and less conclusive. 
In K. G. there were differences of !s to 110°C. 

The changes in the color of the skin must be caused by changes in the con- 
centration of oxygenated and reduced hemoglobin in the vessels of the skin, 
above all in those of the subcapillary network.*! 

C. Discussion of Patho-physiology.—The different colors seem to represent 
various stages of contraction or dilatation in both precapillary arteries and capil- 
laries: the hot red patches, dilated arterioles and capillaries; cold cyanotic 
patches, contracted arterioles and dilated capillaries; and cold white patches, 
contracted arterioles and capillaries. The unusual brick-red color is not clearly 
understood. During the generalized red flush, quickened heart rate and large 
pulse pressure often occur. It somewhat resembles impending shock. Possibly 
an actual shock is counteracted by reversed vasomotoric reactions in other 
organs, by draining of blood depots and, in the third and fourth stages, by local- 
ized constriction of cutaneous vessels. 

Pulmonary stenosis with functionally closed septa is essentially acyanotic, 
cyanosis appearing only after failure of the right side of the heart has devel- 
oped.!!:!*¢2. In some of our cases it is clearly shown that cyanosis appeared 
long before any sign of failure of the right side of the heart. In S. H., moreover, 
there were no signs indicating any valvular lesion. There is no polycythemia 
reported among our cases. The patchy distribution of cyanosis cannot readily 
be explained as caused by pulmonary stenosis or tricuspid insufficiency. 

The distribution of color does not follow any nerve trunks or innervatory 
segments. The sudden onset, changes, and irregular distribution of the “flush” 
and cyanosis, the recorded vasomotor symptoms and perhaps also the spon- 
taneous statement of S. H., that after a period of extensive flushing there usually 
follows a period without flush, may indicate a release of vasomotorically active 
substances. If that would be the case, could they be liberated from the car- 
cinoid? 

THE CARCINOIDS 


In this paper we are not intending to discuss the frequency, morphology, or 
genesis of the carcinoids of the intestinal tract. We will leave it an open question 
whether the carcinoids reported herein differ morphologically or biochemically 
from other carcinoids. 

Waldenstrém has studied these aspects in the patient S. H. and her reaction 
to different drugs and chemicals. Biochemical examinations have been made 
by Prof. U. S. von Euler. These findings and the aspects related to the car- 
cinoids will be discussed in detail by Waldenstrém and Ljungberg.’ 
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We will here only comment briefly on some clinical peculiarities: 


The symptomatology has been sparsely reported in the literature about 
carcinoids. Some cases with carcinoid of the intestinal tract have had periods 
of frequent and loose stools. Selberg among his fifty-three cases of carcinoids 
of the small intestine had one patient with diarrhea.” 

The bulk of the carcinoids however either have been found accidentally on 
the autopsy table, having given no recorded symptoms, or have given diffuse 
discomfort in the abdomen increasing to repeated attacks of subileus or ileus, 
of have been asymptomatic until a diagnosis of acute occlusional ileus of unknown 
nature has been made. They hardly ever give any melena, as the mucosal layer 
is uninterrupted.* 

Some cases with extensive metastases have shown increasing anemia, ascites, 
edema, and liver enlargement with or without a palpable abdominal tumor. 
In these cases an abdominal new growth with metastases has been suspected, but 
the origin of the tumor has been unknown before exploration. 

To our knowledge the patient S. H. is the first patient reported, in which 
the diagnosis of carcinoid of the small intestine was made before operation, which 
gives to the ‘‘flushing’’ a therapeutic importance. There are cases of intestinal 
carcinoid reported which at operation had extensive spread to various organs 
and yet lived for 10 to 15 years after resection of the intestinal tumor.'?;* Our 
patient S. M. had at the time of the ileostomy already symptoms of intestinal 
obstruction for 20 years. At the autopsy (16 years after the operation) the 
stricture, already seen at the operation, was shown to be caused by a constricting 
carcinoid, and this as well as the regional mesenteric metastases had not altered 
appreciably since the operation. 

The sites of metastases are also of interest. About 20 per cent of the car- 
cinoids of the small intestine are said to show metastases.** Most of these have, 
however, spread only to the regional glands in the mesentery. This often gives 
angulation of the bowel, and this seems to be the mechanism in most of the cases 
with episodes of ileus, where the tumor itself has not constricted the lumen. 

Involvement of the liver and other parenchymatous organs is much less 
common. In our cases the spread included extensive metastases to the liver in 
all cases, to the ovaries in all the women, to the pancreas and adrenals in some 
cases, and is very interesting. 

The patient, S. H., had more than 10 watery stools a day prior to operation, 
upon which there was an immediate drop to 5 to 6 stools of semisolid consistency. 


*An exception to this is E.H. a 67-year-old woman who presents a case history different from the 
others discussed in this paper. She was hospitalized in 1942 at the Surgical Department of Lund 
after several episodes of intestinal bleeding. There was found a small carcinoid of the duodenum and 
a single metastasis in a regional lymph node but no detectable liver metastases. The tumor and metas- 
tasis were removed seemingly radically, and she has been in excellent health since. She has never had 
any abdominal pain or discomfort, diarrhea, borborygmi, flushes, distended superficial veins, asthmatic 
attacks, or cardiac trouble. She has been studied by us this year with reference to her cardiovascular 
system. She was found to be in good general condition with normal physical heart findings, electro- 
cardiogram, phonocardiogram, and ballistocardiogram. Arterial blood pressure was 165/100 mm. Hg. 
This is an example of a patient with repeated bléedings but no signs of increased peristalsis or vascular 
phenomena prior to operation. At the operation there were no indications of liver enlargement. The 
operation was thought to be radical, and she has developed neither abdominal nor cardiovascular symptoms 
of ‘“‘carcinoidosis” (a name suggested by J.W.)? 12 years after the operation. 
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The flushing decreased in a similar way. The decrease indicates the carcinoid 
as a cause of these symptoms. The carcinoid of the patient S. M. was situated 
in that coil of the distal ileum which had been shunted off from the digestive 
tract by an ileostomy in 1936. This may explain why there was no delay of 
passage at the roentgenographic examination, and it makes a mechanical irri- 
tation less likely to be the cause of the diarrhea. The liberation from the car- 
cinoid of one or more substances causing the hyperperistalsis and vascular phe- 
nomena seems plausible. 

The liver was studded with metastases in all cases reported here, which 
seems to indicate that the liver metastases are important factors in the genesis 
of this syndrome. The mechanisms can be one or more of the following: 


1. These carcinoids have a more malignant nature, giving more extensive spread, or the 
liver has been injured by substances from the carcinoid and offers lessened resistance against 
new growth. 

2. The uninjured liver destroys or eliminates the supposed substance, until the functions of 
the liver are suppressed, or abnormal shunts between the portal and hepatic veins are formed. 

3. The metastases themselves liberate the supposed substance, magnifying the production 
of it. The consistency of symptoms in S.H. and E.P. after operation may indicate this, but 
does not prove it. 


THE VALVULAR LESIONS 


We have no definite proof as to which finding, the carcinoid or the valvular 
lesions, is the primary, or if they are concomitant. This is due to the insidious 
onset and progression of both lesions. Since the introduction of heart catheter- 
ization and angiocardiography, it has been shown that milder degrees of pulmo- 
nary stenosis are more common, and the auscultatory findings may be less pro- 
nounced than formerly thought.” Accordingly the statement that physical 
examination together with roentgenogram and electrocardiogram in S. H. (and, at 
earlier hospitalizations in K. G., E. P., S. M. and the patient of Arnett and Long) 
did not indicate any heart disease, does not exclude some minor stenosis of the 
pulmonary orifice. A stenosis of such severity as to cause failure of the right 
side of the heart seems, however, improbable and we believe the edema, ascites, 
and cyanosis in S. H. to be caused by the tumor with its metastases and not by 
an undiagnosed pulmonary stenosis. 

In those patients of which we have detailed records (that is our own patients) 
the symptoms to be attributed with certainty to the carcinoid (abdominal dis- 
comfort with spasmodic pain and borborygmi, and diarrhea and in S. M. direct 
visualization of the tumor and mesenterial metastases) preceded any physical 
sign of pulmonary stenosis by a long time. 

What, then, is the genesis of the valvular lesions? There are no direct indi- 
cations of a congenital origin. In the case reports, none of the patients is reported 
to have had a diagnosis of heart disease at birth. The lesion in all cases is due to 
sclerosis and partial fusion of the cusps, to some degree also to narrowing of the 
lumen of the arterial wall at the insertion. None of them had an infundibular 
or membranous stenosis or septal defects. Only in S. M. was there a possibly 
congenital defect of the aortic valves. There was no clubbing, nor a family 
history of congenital heart disease, nor a history or findings indicating syphilitic 
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infection. Only S. H. (who has no sign of heart disease) had a history of rheu- 
matic disease with arthritis but no cardiac symptoms.* There have been no 
major atheromatous or arteriosclerotic findings. Microscopically, the lesions 
reported are thickening of the endocardium, fibrosis, and vascularization of the 
valves but no infiltration with inflammatory cells (except in the tricuspid cusps 
in Cases 2 and 3 and in the pulmonary valves in Case 10) and no Aschoff bodies, 
except in one of Rosenbaum’s cases. The marked hypertrophy of the right ven- 
tricular walls contrasts against the low-grade pulmonary stenosis found, which 
seemingly would produce no valvular resistance at all or only a small resistance 
in a person with “normal” cardiac output. 

The valvular lesions of this series thus seem to differ morphologically and 
developmentally from other cases of pulmonary stenosis. Probably they form 
a separate subdivision of the valvular group in the grouping of Keith reviewed 
by Green and associates! and Dow and associates.” 

Is there any possible explanation of the predominantly right-sided valvular 
lesions as a result of the action of a hypothetic substance with vasomotor proper- 
ties originated in carcinoids? 

Such an explanation would need experimental studies and long-term ob- 
servations to be accepted or discarded, but we think it possible, even if the mode 
of development is hard to prove. Ballistocardiographic studies on the patients 
E. P. and S. H. (to be published in another paper)* indicate a sudden increase of 
the venous return during the ‘‘flush’’ which possibly indicates a mechanical 
factor in the pathogenesis. 

The so-called ‘‘asthmatic attacks’, in K. G., S. M. and also, but not so 
marked, in E. P. are correlated to the flush. As already mentioned they consist 
of expiratory stridor and dyspnea during the third and fourth stages of ‘‘flush’’. 
The sudden dyspneic attacks in Case 11 may have been of the same type. They 
were thought by the physicians in charge to be of bronchial origin, but were 
rather atypical. None of these patients had any physical signs of heart disease 
at the time of onset of these attacks. In the patient kK. G. who had no disease 
of the left side of the heart they subsided when the signs of pulmonary stenosis 
developed. Adrenalin inhalations gave remarkable relief of the dyspnea. 


SEARCH FOR A COMMON DENOMINATOR 


During the last few years, several groups of investigators have studied 
vaso-active substances from animal tissues. Works by Page,” Reid and Rand,?? 
Erspamer,?* and Comroe and associates*® should here be mentioned. From 
these studies have emerged a number of interesting facts relating to a substance 
found in enterochromaffin tissue and called enteramine by Erspamer and sero- 
tonin by Rapport and associates.*® Chemically, it has been identified as an 
indole derivative (5-hydroxytryptamine). Among its other vaso-active effects, 
elevation of the pressure in the pulmonary artery is noted in some animal species, 
and apparently related to an increase of the vascular resistance in the pulmonary 


*At the time of proof-reading the patient S.H. was re-examined and now a harsh systolic murmur, 
Grade 3 to 4, with maximal intensity over the pulmonary area had developed. Her edema and ascites 
had disappeared, but instead she had shortness of breath and wheezing respiration on exertion. 
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bed. Apnea is noted on intravenous injection, and it has also been shown that 
the substance causes bronchoconstriction. The intestinal peristalsis increases 
strongly after a short period. We have been unable to find other statements 
on the cutaneous vessels than those of Erspamer, who mentions that the skin 
of the rat becomes red after the injections of enteramine. The enteramine is 
probably rapidly destroyed in normal conditions. If this destruction takes 
place in the liver, hepatic insufficiency may increase the effects of the substance. 

In a recent communication to Nature, Lembeck*! seems to have given con- 
clusive proof that a carcinoid tumor found at autopsy contained considerable 
amounts of enteramine. The tumor was extracted with N/50 HCl. It con- 
tained 2.5 mg. 5-hydroxytryptamine in 1 gram of tissue. 

This fundamental biochemical observation confirms the histologic resem- 
blance between the enterochromaffine cells and the carcinoid. 

In our opinion, these findings present the common denominator of most of 
the signs and symptoms of the syndrome described. Secretion of large amounts 
of 5-hydroxytryptamine may (not least at a time when liver damage may be 
present) induce functional changes in the vascular bed (peripheral and pulmonary) 
which, if sustained for a period of years, may give rise also to organic alterations 
such as telangiectasis, nutritional disorders of the skin, and apparently also 
valvular lesions of the heart. The importance of the latter observation for the 
explanation of the patho-physiology in valvular heart disease is obvious. 


GENERAL SUMMARY 


1. A new syndrome is described. Seven definite cases, four probable 
(Cases 11, 12, 13 and 16) and five with partial or not fully verified symptoms 
(Cases 3, 4, 5, 6 and 14) are presented. 

2. The syndrome consists of carcinoid of the small intestine, metastases 
to the liver, and in several cases to other parenchymatous organs, valvular 
disease of the right side of the heart without septal defects, sudden flushing of 
the skin, an unusual type of patchily distributed changing cyanosis, frequent 
watery stools, ‘“‘asthma’’, and, finally, edema and ascites. 

3. The cause is believed to be a malignant carcinoid of the small intestine 
with hormonal properties and extensive metastases to the liver. The patho- 
physiologic findings are discussed. 

4. Among those substances with vaso-active properties at present known, 
5-hydroxytryptamine (enteramine or serotonin) is the one which in its effects 
seems most likely. to correspond with the signs and symptoms of the syndrome. 
It has recently been extracted in considerable amounts from a carcinoid. 

5. The syndrome is apparently rare, but if, as shown in the patients S. H. 
and B. G., persons with “flush” be properly investigated, more cases will probably 
be discovered and brought to operation. 
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PULMONARY CIRCULATION TIME, ELBOW-LEFT VENTRICLE 
AND ELBOW-RIGHT VENTRICLE CIRCULATION TIMES, 
OBTAINED BY MEANS OF FLUQRODENSOGRAPHY 
WITH RADIOPAQUE SUBSTANCE 


RAFAEL Neri, M.D.,* GuiLLERMO VILLAGORDOA, M.D.,* 
Gustavo Moros, M.D.,** AND NARNO DorBECKER, M.D.*** 


Mexico Ciry, D. F. 


LUQRODENSOGRAPHY with a radiopaque substance is a diagnostic hemo- 

dynamic method devised by us at the National Institute of Cardiology. 
Based on the fact that the main curves in the tracing of the cardiac chambers 
are to be attributed to changes in density produced by the emptying and filling 
of the chambers in each cardiac cycle, we have been able to prove that the intro- 
duction of an opaque substance into the blood stream increases the amplitude 
of the waves, which are quite apparent in the fluorodensogram and are syn- 
chronous with the arrival of the substance to the chamber under study.! 

Fig. 1, after Wiggers, shows a ventricular volume curve simultaneously 
registered with a phonocardiogram. The vertical lines divide the curve in 
segments corresponding to the different stages of the cardiac cycle. Systole 
is included from A to F and it is subdivided into the following periods: A-C 
isometric contraction; C-D rapid emptying periods; D-F slow ejection period. 
The diastolic stage from F to A is made up of the following periods: F-G is 
the beginning of diastole; G-H, isometric relaxation; H-1I, rapid filling; I-], slow 
filling or diastasis; J-K, auricular contraction. The modifications obtained in 
the fluorodensogram with the injection of an opaque substance are seen in the 
descending branch C-F and in the ascending branch H-J of the ventricular curve 
depending on the changes in density which take place during ejection and ven- 
tricular filling. Those due to other factors such as isometric contraction and 
relaxation and rotation of the heart do not change. 

In this paper we apply the method under study to determine the circulation 
time from the right elbow to the right ventricle, from the right elbow to the left 
ventricle and the pulmonary circulation time. The number of cardiac cycles 
during which the changes in the tracing remained unaltered are discussed. Fig. 2 
shows the tracing which measures the elbow-left ventricle and elbow-right ven- 
tricle circulation time in one of our cases. 
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MATERIAL AND METHOD 


Twenty-one subjects were analyzed, nineteen with ages between 17 and 44 
years. One of the cases was a 12-year-old boy. They all were considered 
normal. Another case was that of a 75-year-old man with an aneurysm of the 
pulmonary artery. 


The equipment used consists of the following elements: 

A. A device for the injection of radiopaque substance made of a set for intravenous infusions, 
a 10 c.c. syringe; a 3-way stopcock, and an 18-gauge needle, 2)4 cm. long. 

B. A fluoroscope of the usual type. 

C. A Sanborn electrokymograph adapte1 to half waves which uses an RCA phototube 
No. 931A. 

D. A Sanborn’s Stetho-Cardiette electrocardiograph. 

E. In each instance, 4 c.c. of the radiopaque substance (Winthrop’s Diodrast 70 per cent) 


were injected intravenously. 


Fig. 1. 


Che following details were checked: 

(a) Between 2 and 3 ma. and 65 kv. were used for fluoroscopy. 

(b) Patients were upright, in the left anterior oblique position. 

(c) Diodrast was injected in the vein of the right elbow. Both the beginning and the end 
of the injection were indicated in the tracing by the person who gave it with the aid of the micro- 
phone of the Stetho-Cardiette. This was accomplished by pronouncing the letters A and B, 
respectively. 

(d) The tracing was taken during postinspiratory apnea. 

(e) The speed of the tracing was 25 mm. per second. The string had a sensitivity of 5 mm. 


per millivolt. 


i. 


Fig. 


AMERICAN HEART JOURNAL 


time elbow-left ventricle and elbow-right ventricle determined 
person, 6 minutes and 1.32 minutes, respectively. 


Circulation 


the same 
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(f) The amplifying capacity of the selector was placed in position No. 3. 

(g) For the interpretation of the tracing the elapsed time from the point coincident with the 
middle of the distance between the beginning and the end of the injection to the moment the first 
changes appear in the curve is measured. 

(h) The circulation times from elbow to right ventricle and elbow to left ventricle were 
measured individually and, by subtracting the former from the latter, the pulmonary circulation 
time was obtained. With the use of the double cell, all of these values could be measured simul- 
taneously with a single injection of radiopaque substance. 


RESULTS 


The circulation times of nineteen normal adults (Table I) were as follows: 
The elbow-left ventricle circulation time gave a mean figure of 5.61 seconds with 
a standard deviation of +0.59, the extreme values being 6.90 and 4.40. The 
mean value obtained for the elbow-right ventricle was 1.63 with a standard 
deviation of +0.23 and extreme values of 2.08 and 1.28. The pulmonary circu- 
lation time in each case gave a mean value of 3.98 with a standard deviation 
of +0.61 and extreme values of 5.14 and 2.88 seconds. 

din the 12-year-old normal boy the elbow-left ventricle circulation time was 
5.52 seconds, the elbow-right ventricle circulation time 1.64 seconds, and the 
pulmonary circulation time 3.88. 

In the 75-year-old patient with a pulmonary artery aneurysm, the elbow-left 
ventricle circulation time was 41 seconds; the elbow-right ventricle circulation 
time was 4.2 seconds and the pulmonary circulation time 36.8 seconds. These 
figures are quite illustrative and of great value for the angiocardiogram. Indeed, 
this study was done in this patient and the first plate was taken 18 seconds after 
the injection at which time the right chambers and the pulmonary artery were 
filled; the left chambers on the contrary were not visualized yet. In a second 
study, considering the elbow-left ventricle circulation time according to our 
method, the plates were taken at the end of 38 seconds with which the left cham- 
bers and the aorta were very clearly visualized. 

The base line of the tracing was uniform in all of the registrations for normal 
subjects. In the pathologic case the base line was considerably displaced upward. 

The modifications of the tracing in the measurement of the elbow-right 
ventricle circulation time lasted 1 to 3 cycles with a mean of 1.68 cycles and a 
standard deviation of +0.58. The measurement of the elbow-left ventricle 
circulation time was maintained during 3 to 7 cycles with an average of 5.16 
cycles and a standard deviation of 1.17. It was impossible to ascertain the 
duration in the pathologic case due to the fact that the patient also had auricular 
fibrillation. 

COMMENTS 

As seen in Table I, the values of the different circulation times have a stand- 
ard deviation with respect to the average which are valid for statistical purposes. 

In the 12-year-old patient the values found are within the limits for adults. 
The same can be said for the distance between the elbow and the sternum measured 
in centimeters from the elbow to the midsternal line. In the pathologic case 
the delay in the elbow-right ventricle circulation time may be accounted for by 
the great venous hypertension; the increase in the elbow-left ventricle circula- 
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tion time would be due to the delay produced by stagnation of the blood within 
the aneurysm of the pulmonary artery. 
The duration of the changes in the curve along several cardiac cycles different 
from the right to the left ventricle may be attributed to the following facts: 
(a) The blood with the opaque substance reaches the right cardiac chambers 
rapidly through vessels of large caliber such as the superior vena cava. On the 


TABLE | 
N AGE SEX BL ES E-LV E-RV PC E-LVc E-RVc 
34564 14 Uniform 10) 5.84 1.28 56 6 
34617 43 F Uniform $] 1.88 1.68 3.20 } 2 
34616 4] F Uniform 10) 5.60 2.00 3.60 } | 
34299 4] F Uniform 4} 5.31 1.70 3.61 3 l 
34445 10) F Uniform 10) + 40 1.52 2.88 5 2 
Without Number | 38 M Uniform 15 5.08 1.68 3.40 6 2 
Without Number | 33 M Uniform 1] 6.00 1.44 1.56 6 3 
34379 32 M Uniform 12 6.16 > 00 4.16 6 l 
34547 32 F Uniform 10) 5.20 1.40 3.80 5 2 
34458 3] F Uniform 37 5.84 1.60 4.24 } 2 
34562 27 F Uniform 1) 5.84 1.52 +. 32 6 2 
34400 26 F Uniform i] 6.00 1.32 4.68 6 2 
Without Number | 22 M Uniform 14 6.90 1.76 5.14 } l 
34476 20 M Uniform 17 6.40 1.60 $80 6 2 
Without Number | 20 F Uniform 7 >. 00 1.44 3.56 6 2 
34472 19 F Uniform 42 5.40 1.80 3.60 6 l 
Without Number | 19 F Uniform 10) 5.50 2.08 3.42 5 | 
34300 17 M Uniform if} 6.00 1.65 4.35 3 2 
Without Number 17 F Uniform 38 5.20 1.52 3.68 7 2 
Highest and lowest figures $40 6.909 1.28 2.08 288 5.14 3-7 1-3 
Mean 5.61 1.63 3.98 5.16 1.68 
Standard deviation +0).59 +().23 +061 1.17 +() 58 
N = Registration numbers 
BL Base line 
ES Elbow-sternum distance in centimeters 
E-L\V Elbow-left ventricle circulation time 
E-RV Elbow-right ventricle circulation time 
PC Pulmonary circulation time 
E-LVe Numbers of cardiac cycles with graphic modifications of the elbow-left ventricle cir- 
culation time 
E-RVec = Numbers of cardiac cycles with graphic modifications of the elbow-right ventricle cir- 


culation time 
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contrary, the blood reaches the left chambers in a slow and gradual manner 
coming from the network of the lung. These conditions may influence the time 
used by either ventricle to empty itself of the opaque substance. 

(b) The factor of diffusion of the opaque substance in the blood must be 
proportional to the distance to be traveled in order to reach a given cardiac 
chamber. Thus, the opaque substance would be much less diffused in the right 
ventricle than in the left ventricle, and this would obviously favor the greater 
speed with which the right ventricle empties the opaque substance in a smaller 
number of contractions. 

As we learn more about this new method we will undoubtedly find that 
other factors may influence the number of contractions used by each ventricle 
to rid itself of the opaque substance. We are convinced that with this method 
the time during which the substance remains within each cardiac chamber will 
be most useful for the study of the residual volume of the cavities under normal 
and pathologic conditions. The fact that the base line of the tracing was uniform 
in all of the normal cases and was displaced in the abnormal case would be eval- 
uated in the light of a greater number of observations. 


SUMMARY 


The authors studied the circulation time from the right elbow to the right 
ventricle, right elbow-left ventricle, and pulmonary circulation times by fluoro- 
densography with radiopaque substance. 

The study was performed in twenty-one normal subjects: nineteen with 
ages between 17 and 44 years, and a boy of 12. A pathologic case was also 
studied. 

The equipment utilized is described in detail as well as the standardization 
of the various instruments and the technique for the recording and interpretation 
of the tracings. 

The circulation times obtained were: elbow-left ventricle, 5.61 seconds 
(mean value), with +0.59 standard deviation; elbow-right ventricle, 1.63 seconds 
with a standard deviation of +0.23; pulmonary circulation time, 3.98 seconds, 
with a standard deviation of +0.61. In the case with an aneurysm of the pul- 
monary artery the circulation time from elbow to left ventricle was 41 seconds; 
elbow-right ventricle, 4.2 seconds; and the pulmonary circulation time, 36.8 
seconds. 

A comparative study is made on the different number of cycles that show 
changes in the circulation time tracings from elbow to left ventricle and elbow- 
right ventricle. 

An analysis is made on the results obtained in the pathologic case. 
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ERVI 


LOOD volume alteration in congestive heart failure has been studied by many 


investigate 


blood volume in cardiac decompensation reported in the literature are of a con- 
flicting nature’. 
it, so that one may now quote the literature to demonstrate de- 


than resolved 


creased, increased, or normal blood volume in congestive failure. Further 


quotation will 


decrease, increase, or not change at all. Evidence compiled by the authors 
does not supply an answer to this confusion; however, an attempt is made to 


evaluate some 
In general 


pensation. The dye method of Keith and associates™ led to the concept of 
‘“‘plus’”’ and ‘“‘minus’’ decompensation as elaborated by the studies of Wollheim? 
and Goldbloom and Libin.* Patients in what may be interpreted as right heart 
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wrs.'-'437 Gibson and Evans remarked 15 years ago, ‘‘Changes in 


‘ Subsequent investigations have intensified the conflict rather 


reveal that in recovery from decompensation, blood volume may 


phases of this complex problem. 
, dye techniques show increased blood volume in cardiac decom- 


failure were hypervolemic, while that group symptomatic of left heart failure 


was hypovolemic; the latter group was found to have an increase of blood volume } 
toward normal on recovery. 

Gibson and Evans,‘ using the dye T-1824 method, reported an increase in 
blood volume as decompensation progressed. The increase was more marked 


in the red cell mass than in plasma volume, with a resultant hemoconcentration, 


and bore a direct relationship to venous pressure and circulation time. On 


recovery, the plasma volume decreased most rapidly leading to a further elevation 


of hematocrit, 


tained. The trend toward normovolemia was more often partial than complete. 
In this series no patient was observed who failed to show a diminution in blood 


volume with compensation. 


Seymour a 


volume decreased by 25 per cent and plasma volume by 35 per cent in patients 


who recovered 


increased cardiac output, serum protein concentration, and an elevation in 


hematocrit. 
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which later returned toward normal as compensation was main- 


nd associates,® using the dve T-1824, concluded that whole blood 


from congestive heart failure. Recovery was associated with 
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Meneely and Kaltreider,’ using the same technique, report a substantial 
increase in blood volume in patients with congestive failure. The increased 
volume in the decompensated state may be predominantly contributed to by 
the plasma or the red cells; neither component was more consistently elevated. 
Circulation time and venous pressure were not directly related to blood volume. 
There was a high degree of correlation between anoxemia and red cell mass. 
This observation is in accord with Waller and associates,> who noted an elevated 
cell volume in decompensation which decreased on compensation; the improved 
clinical state was associated with elevated bilirubinemia, increased fecal urobilin, 
and a decreased reticulocyte count. Such changes may reflect hemolysis and 
bone marrow depression with improved oxygenation. 

Warren and Stead* demonstrated a direct correlation in congestive failure 
between increased blood volume and salt ingestion, and conversely, a diminished 
blood volume with diuresis. They conclude that “Increase in plasma volume. . . 
is one mainfestation of the increase in the amount and pressure of the extra- 
cellular fluid which is caused by the defective excretion of salt and water.’’ Con- 
sequently, enhanced plasma volume would elevate venous pressure, and plasma 
protein concentration initially decreased by dilution would increase and preserve 
the effective osmotic pressure. 

DiPalma and Kendall,’ using Evans blue dye, reported two types of blood 
volume response to therapy. One variety showed a marked decrease in an 
initially high blood volume. This decrease was accompanied by first a decrease 
in hematocrit and plasma specific gravity ; as compensation proceeded the hemato- 
crit and specific gravity returned to approximately initial levels while blood 
volume continued to fall. The second type of response showed little elevation 
or change in blood volume, nor was there a marked alteration in hematocrit 
or specific gravity. 

Labeling red cells with P® using the method of Hevesy and Zerahn,® Nylin"® 
reported a fall of 28 per cent in whole blood volume and a decrease of 18 per cent 
in red cell mass during recovery from congestive failure. Nylin and Hedlund” 
subsequently reported on blood volume in seven cases of cardiac decompensation. 
In six cases, repeated determinations were made during or following therapy. 
These authors conclude, ‘‘In decompensated cardiac patients there is not only 
an increase in the total quantity of blood and plasma; but also in the amount 
of erythrocytes. After compensation is restored, both the plasma and blood 
corpuscles decrease in quantity.” 

Ross and associates"™ compared circulating blood volumes in congestive 
failure with controls using P® tagged red cells and the dye T-1824. They con- 
clude, ‘‘. . . there is no significant increase in the circulating blood volume in 
patients with congestive heart failure over controls as determined with the 
tagged cell method.’ Ross and associates*’ have reported recently on this 
work in more detail. They could not demonstrate in this particular group of 
patients an increased blood volume using P® tagged red cells or a decrease on 
compensation. However, Evans blue dye determinations showed an increase 
of 25 per cent over normal and a decrease of 18.6 per cent on becoming com- 
pensated. In addition, thirty-five cases of congestive heart failure were reported 
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while decompensated; of these, fourteen cases were repeated when compensated. 
Vital capacity increased from 1.7 liters to 2.4 liters during compensation in the 
latter series of patients. It is postulated that the distended venous system in 
congestive failure is secondary to a redistribution of blood from the small vessels 
to the larger veins. Further suggestion is made that the small vessel hematocrit 
is probably increased in comparison to venous hematocrit in congestive failure. 
No satisfactory experimental evidence is cited to support this contention. Dur- 
ing the process of compensation no increase in hematocrit was noted. This 
is contrary to the observations made by previous investigators'’ and in our own 
observations. 

Prentice and associates,“ using the P® tagged cell technique, report on 
twenty-seven Cases of congestive failure. Twelve of these patients had normal 
blood, red cell, and plasma volume. Of this group five had no peripheral edema, 
two had minimal, two moderate and three marked peripheral edema. Three 
of the cases were postmyocardial infarction in minimal failure. One case had 
chronic glomerulonephritis for a period of six years. In fifteen cases either 
blood, red cell, or plasma volume was increased. Seven cases had no peripheral 
edema, two had minimal, three moderate and three marked peripheral edema. 
Seven cases had rheumatic valvulitis and showed marked elevation of total 
blood volume, red cell volume, and plasma volume. The two components were 
equally elevated. In six cases repeated determinations of blood volume when 
compensated revealed an elevation of blood volume in five instances and a de- 
crease in one case. Serum sodium concentration did not change in congestive 
heart failure but total body sodium showed a marked increase. 


METHOD* 


Blood volume was determined with iodinated human serum albumin. Two 
modifications of this technique were employed in the present study. Earlier 
determinations using iodinated human serum albumin employed the method of 
Crispell and associates which was reported in detail in a previous publication.** 
Aliquots of iodinated human serum albumin were dialyzed at intervals to de- 
termine the presence of free I'*'; significant quantities were never found. No 
determination was made to ascertain if the albumin had become denatured. 
Recently, a more rapid method has been used, in which whole blood activity 
was counted in the ‘Marinelli beaker.”” In the latter technique, human serum 
albumin labeled with 40 to 50 microcuries of I"! activity was diluted to 30 
c.c. in physiologic saline. Twenty cubic centimeters of this mixture were ad- 
ministered intravenously from a calibrated syringe. At 10, 20, and 30 minute 
intervals 12 c.c. of venous blood were withdrawn from the contralateral arm into 
a syringe made wet with heparin; withdrawal was effected without stasis. Ten 
cubic centimeters of blood were counted in a “Marinelli beaker’ using a bismuth 
cathode G. M. tube and a ‘‘Nuclear-Chicago” scaler. Five cubic centimeters 
of the original solution were diluted to 1,000 c.c. in a volumetric flask and 10 c.c. 


*Radioactive iodinated human serum albumin was prepared by Abbott Laboratories, North Chicago, 
Ill. The radioactive iodine was obtained from the Atomic Energy Commission. 
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of this standard mixture counted as above. Whole blood volume is calculated 

by this formula. 

Counts per c.c. of lodoal- ~, Volume of iodoalbumin 

bumin injected injected 

Whole blood volume - 
Counts per c.c. of whole 


blood 


Hematocrit from individual blood samples was determined by centrifugation 
at 3,000 r.p.m. for 30 minutes in a stoppered Wintrobe tube. Plasma trapping 
was corrected by a factor of 0.915. All patients had cardiomegaly; in almost all 
instances the patients were dyspneic, gave a history of orthopnea, and had 
hepatomegaly. They showed evidence or pulmonary congestion and peripheral 
edema. Ascites and pleural effusion were noted in some instances. 

Blood volume determination was made within several hours of admission, 
after the patient had been at rest. Repeated determination was made after the 
patient had become compensated under the standard therapy of low-salt diet, 
digitalization, rest, and diuretics. The repeat determinations were made at rest 
about three to four hours after a light meal. 

Venous pressure was determined through an 18-gauge needle in the ante- 
cubital vein at a level 10 cm. from the back in those individuals of normal size, 
using a citrate-filled spinal manometer. Arm-to-tongue circulation time was 
determined by the subjective method using 5 c.c. of desoxycholate solution. 


RESULTS 
Blood volume determinations in thirty-two male patients, with repeat 
determinations in twenty-five patients, are summarized in Tables I and II. 
Evaluation of values determined is dependent upon comparison with “‘nor- 
mal’ values. Inour laboratory using iodintated human serum albumin, normal 
males have been tested and the values arrived at agree well with other reports 
using albumin labeling techniques. 
WBV 73 c.c./kg. standard body weight 
PV 43 c.c./kg. standard body weight 
TPRCV = 30 c.c./kg. standard body weight 


Blood, plasma, and cell volume* in the patients studied was calculated on 
the basis of the patient’s weight when decompensated and also on the basis of 
his weight when compensated. The deviation from the normal volume for these 
weights is expressed as per cent variation from 100 per cent of normal value. 
This was done to make comparison of the individual cases more easy. The 
weight when compensated no doubt represents a more physiologic level for those 
cases previously in congestive failure. 

In sixteen of the thirty-two cases, weight when compensated after therapy 
was available. On the basis of this weight WBV, TPRCV, and PV were elevated 
above normal in all instances (Table III). TPRCV was most elevated with 
mean deviation of 64.6 per cent above normal, WBY was elevated an average 

*WBV = Whole blood volume 


PV = Plasma volume 
TPRCV = Total packed red cell volume 
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of 50.5 per cent, and PV elevation mean was 39.9 per cent above normal. In 
thirty-two cases, on the basis of weight when decompensated (wet weight), nearly 
all volumes were elevated above normal. TPRCV was increased 37.8 per cent 
above normal, WBV 29.3 per cent, and PV 23.0 per cent. Were these values 
corrected for the retained edema fluid they would no doubt show a degree of 
deviation similar to that of those cases calculated on the basis of weight when 
compensated. 

An attempt was made to relate the increase in volume to various other 
observed factors in the decompensated state. There was no consistent relation- 
ship of degree of increase in volume to the etiology of the heart disease. In 
general, the most severely decompensated patients showed the highest volumes. 
Venous pressure showed a trend toward a direct relation to WBV and PV.  Circu- 
lation time, though elevated, was not increased in proportion to the blood volume. 
The hematocrit determination averaged 48.2, and in some instances was elevated 
above normal. Few, if any, cases showed a decrease in hematocrit below the 
normal range. 


TABLE III. MEAN VALUE FOR BLOOD VOLUME COMPONENTS IN CONGESTIVE HEART 
FAILURE, EXPRESSED AS PERCENTAGE DEVIATION FROM NORMAL VALUES 


WBV rPRCV PV HEMATOCRIT 
On basis of Decompensated +29 .3 +37.8 +23.0 48.2 
decompensated weight (32 Cases) 
Compensated +17 .3 +31.2 +8.1 50.6 
(25 Cases) 
On basis of compensated Decompensated +50.5 +64 .6 +39.9 
weight (16 Cases) 
Compensated +31 .3 +50.5 +18.5 


(16 Cases) 


Results of therapy leading to a more or less compensated state showed 
definite trends. PV, WBV, and TPRCV decreased. The greatest decrease was 
in PV; the smallest in TPRCV (Table IV). Plasma volume in those cases 
with the least increase returned to normal or subnormal levels. Those cases 
with the highest plasma volume decreased, but not to normal. In five of thirty- 
two cases an increase in PV occurred with compensation. These patients in 
most instances responded slowly to therapy and an interval of 30 to 60 days 
was noted before they reached a relatively stable, though partially compensated, 
state. 

TABLE IV. MEAN CHANGES IN RECOVERY FROM CONGESTIVE FAILURE, EXPRESSED IN 


PERCENTAGE, CALCULATED ON THE BASIS OF VALUES WHEN DECOMPENSATED 


25 CASES 16 CASES 
TPRCV PV HEMATOCRIT WEIGHT 


—§.3 —5.0 —11.6 +4.6 —13.3 
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TPRCV in many instances showed a marked decrease on compensation, in 
some instances amounting to 30 per cent of the circulating red cell volume. 
Most cases show a slight to moderate decrease in TPRCV._ In seven of twenty- 
five cases an increase was noted. One such case (Case 23, Tables I and II) 
displayed a precipitous drop in plasma volume; during the eight day period of 
compensation the hematocrit rose from 42.5 to 59. It would be of interest to 
know the relationship of venous to small vessel hematocrit in such cases and 
whether a true change in TPRCV is represented. The P® tagged cell studies 
of Ross and associates*’ included no cases with significant increase in hematocrit 
on recovery from congestive failure. <A similarity in change of TPRCV during 
therapy was noted in Cases 15 and 24, F. A., Tables | and II. This 32-year-old 
man had syphilitic heart disease with aortic insufficiency. During his initial 
admission (15, Table II), while compensating, his TPRCV decreased by 683 c.c.; 
during a subsequent admission (24, Table I1), his TPRCV decreased by 652 c.c. 

Change in TPRCYV is of interest when the time rate of change is considered. 
Table V contains the change in TPRCV per day as calculated by dividing the total 
change during the period of compensation by the number of days necessary to 
arrive at the compensated state. This figure may be compared to the daily 
destruction, assuming a 120-day life for the erythrocyte. In the normal indi- 
vidual, no change in TPRCV should be observed, and the figure represents the 
equilibrium between erythropoiesis and destruction. Several of the cases imply 
a more rapid rate of destruction than would normally occur if regeneration of 


red cells were completely arrested. 


TABLE V. DaAILy CHANGE IN TPRCV DuRING COMPENSATION 


rOTAL CHANGI TIME OF CHANGE IN EXPECTED RATE OF 
PATIENT IN TPRCV IN PREATMENT rPRCV PER RBC DESTRUCTION 
cc IN DAYS DAY PER DAY 
1 125 15 —8.3 30.5 
4 366 60 6.1 32.9 
5 —208 43 1.6 36.3 
6 377 23 16.4 24.2 
7 —185 8 23.1 21.8 
& — 660 13 
9 +361 27 +13.4 31.9 
10 +316 10 +31.6 ee 
11 —431 33 13.1 30.3 
12 +50 27 +1.8 23.4 
13 300 24 3:3 26.5 
14 —197 18 -10.9 28.6 
15 -683 27 25.3 23.8 
16 - 392 i4 28.1 28.4 
18 — 598 12 49 8 31.8 
19 +106 56 +1.9 29.2 
22 —449 13 — 34.5 24.4 
23 +334 8 +41.7 21.4 
24 —652 32 -23.7 
25 +191 20 +9 5 31.1 
27 —99 22 4.5 20.6 
28 +222 13 +17.1 19.3 
30 —41 33 1.2 19.5 
31 +367 15 +24.5 19.1 
32 —210 13 -16.9 21.7 
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Hematocrit values increased on compensation in sixteen of twenty-five 
cases; a mean increase in hematocrit of 4.6 per cent was noted in the twenty-five 
cases. In the eight instances in which the hematocrit remained the same or 
decreased, nearly all the patients were characterized by an increase in plasma 
volume. Most of these individuals had arteriosclerotic heart disease with 
systemic hypertension. 

Of the twenty-five cases reported, all lost weight on treatment. The mean 
decrease in weight in this group was 13.3 per cent of that observed when entering 
the hospital. The highest degree of correlation was noted between change in 
weight and change in plasma volume; poor correlation was seen in comparing 
weight change to TPRCV change. 


DISCUSSION 


Validity of the particular techniques employed in determining circulating 
blood volume must be appreciated in interpreting existing knowledge of such 
values in congestive heart failure. Most early measurements determined plasma 
volume by dilution of an intravenous injection of a dye which formed a complex 
with albumin. Circulating blood volume and red cell mass were extrapolated 
from the peripheral venous hematocrit. Dynamics of capillary circulation alters 
small vessel hematocrit so that such extrapolation is now warranted. Ebert and 
Stead found the small vessels richer in plasma and poorer in red cells than the 
venous blood in six normal males. Determinations were made on the small 
vessels of the arm and revealed an 8 per cent decrease in hemoglobin.” —_Fahra- 
eus,'® studying blood flow in small tubes, demonstrated concentric laminar lag 
of plasma at the periphery and transport of red cells at more rapid rate in the 
axial flow, resulting in a decreased hematocrit. Gibson and associates" state, 
‘Seventeen per cent of the total whole blood volume is within the minute vessels 

of the normal dog under light morphine narcosis.’” The above vaiue does 
not account for blood in the small vessels of the mesentery, skin and subcutaneous 
tissue, or of the bone marrow. Neither can this information be interpreted to 
suggest, as Prentice and associates have done, that the same percentage of 
circulating blood volume or the same small vessel hematocrit exist in the 
small vessels of a patient in congestive heart failure. Under conditions of in- 
creased venous pressure, tissue hypoxia, and fluid retention, the small vessels 
may well contain an appreciable quantity of plasma-diluted blood, thereby 
effectively lowering total body hematocrit as compared to venous hematocrit. 

Direct comparison of blood volume determination by dye methods and 
labeled red cells have almost uniformly demonstrated higher values with the 
former technique.'*** Comparison of blood volumes determined with I*! tagged 
human serum albumin have been comparable to or somewhat less than the 
volumes obtained by the dye method.” Factors other than hematocrit which 
have been considered in comparing dye to cell techniques are the escape of dye 
from circulating blood to the lymphatic system, phagocytosis by the reticulo- 
endothelial system,?’° and loss of dye into the bile.’ There is little likelihood 
of iodinated human serum albumin behaving as a colloidal dye and being in- 
fluenced by the last two factors. Escape of dye and serum albumin from the 
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circulation does occur; however, the rate must be slow and the percentage small 
within the time allowed for mixing in determining blood volume. Transfer of 
albumin across capillary membranes is not of such magnitude that 12 to 25 per 
cent of the circulating albumin is lost to the lymph in 30 to 60 minutes. Dye 
could not be detected in edema fluid of patients or edematous dogs after injection 
of high concentration of the dye T-1824.4°° Human serum albumin tagged with 
I'5! was not observed to accumulate in edema fluid of chronic congestive heart 
failure in detectable quantities within 30 minutes, using a very sensitive scin- 
tillation counter; neither was appreciable activity found in the urine (less than 
1 per cent in three hours).*' Protein concentration in edema fluid is of a low 
order in congestive failure® and in anoxemia of chronic pulmonary disease.* 
This is observed despite the possibility of poor lymphatic return in congestive 
failure.” 

On the basis of present information no absolute conclusions are admissible 
concerning values for blood volume or its components in congestive heart failure, 
nor can we make such conclusions relevant to volume changes during therapy 
leading to compensation. Present controversies may be somewhat resolved 
when it is realized that labeled red cells with proper mixing measure circulating 
red cell space, and that labeled albumin determines circulating plasma space 
plus a small but variable and presently poorly defined distribution outside of the 
vasculature. With proper technique in the hands of careful workers, the re- 
spective blood volume components may be measured with reasonable accuracy, 
using P® labeled erythrocytes and I|'*' labeled human serum albumin. Studies 
presently being investigated will further clarify this controversy. First, con- 
sideration should be given to the determination of small vessel hematocrit and 
the precentage of circulating blood volume present in these small vessels during 
congestive heart failure. Second, the survival of erythrocytes must be adequately 
determined in recovery from congestive failure by labeling cells and by adequate 
determination of pigment turnover. Relation of the later study to the secondary 
polycythemia of hypoxia should be more clearly delineated. 


SUMMARY 

1. Blood volume was determined in thirty-two cases of congestive heart 
failure. Repeat determination was made in twenty-five of the patients after 
treatment leading to compensation. Human serum albumin labeled with ['*! 
was used in making these studies. 

2. Blood volume was elevated above normal in those cases studied. Total 
packed red cell volume was more markedly elevated than plasma volume. 

3. In response to therapy the plasma component was more labile and 
decreased more rapidly than the cellular component. Hematocrit increased 
with therapy. 

4. During recovery from congestive heart failure the rate of apparent 
destruction of erythrocytes exceeded, in some instances, the expected calculated 
rate of destruction. 

The authors wish to express appreciation to Theodore Fields, Assistant Director, Radioiso- 
tope Unit, Veterans Administration Hospital, Hines, IIl., for his invaluable technical advice and 
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“PRIMARY” AMYLOIDOSIS 


A Report oF Two CaAsEs 
ALBERT JAcKsoNn, M.D.,* AND MANUEL SLAvin, M.D. 


WabDSWORTH, KAN. 


INCE the original work on amyloidosis by Rokitansky,' Virchow,? and Wilks,’ 
approximately seventy cases of primary amyloidosis have been reported up 
to July, 1950.* 

Although it is customary to classify this entity into: 
(etiology unknown), secondary amyloidosis (following a known disease), and 
amyloidosis following multiple myeloma because of its ‘‘primary’’ distribution, 
such classification has little or no justification, either from the morphologic or 
It has been repeatedly shown that cases of so-called pri- 


primary amyloidosis 


etiologic standpoint. 
mary amyloidosis have a distribution which is considered classical for secondary 
In primary or idiopathic amyloidosis organs other 

The most frequently encountered 
Primary amyloidosis of the kidneys 


amyloidosis and vice versa. 
than the heart and muscles are affected.>“ 
primary amyloidosis is that in the heart. 
is rather infrequent; only a few cases have been reported.’:* 

We have had occasion to follow two proved cases of primary amyloidosis: 


one was of the heart and the other of the kidneys. 


CASE REPORTS 


-The first admission of this 55-year-old white man was in August of 1949, at which 

He improved on the usual cardiac regimen consisting of 
The second admission was in February of 1950 with the 
The patient had an episode of 


CAsE 1. 
time he was in cardiac decompensation. 
digitalis, diuretics, and salt-free diet. 
chief complaint of back and right knee pain for a day and a half. 
temporary aphasia several weeks prior to this admission. 
Physical examination revealed a thin, well-developed adult who was 


Physical examination: 
There was a small palpable nodule in the 


slightly dyspneic and who appeared to be acutely ill. 
The eye grounds showed Grade 2 retinal sclerosis. There were a 
The heart was enlarged to percussion. The 
The right lower extremity distal to the 


right lobe of the thyroid gland. 
very few scattered rales in both bases posteriorly. 
blood pressure was 105/84 mm. Hg. The pulse was 100. 
knee was cold on palpation, and there were areas of purplish discoloration over the dorsum of the 
foot and ankle. The right calf appeared to be slightly swollen and painful to palpation. The 
right femoral artery pulsation was palpable but the right popliteal and posterior tibialis and 
dorsalis pedis could not be felt. Several petechiae were present over the right shoulder and right 
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anterior-superior portion of the chest. The temperature was normal on the day of admission but 
the next day it rose to 101°F. and remained elevated throughout the course of hospitalization. 


Laboratory findings: X-ray of the chest showed congestion of both lung fields. The electro- 
cardiogram showed T-wave inversion of the limb leads and Q waves and flattened T waves in 
precordial Leads V4, Vs and Vs, suggestive of a lateral wall infarct. The red blood count was 
4,100,000. The white blood count was 16,400 with a normal differential. The hemoglobin was 
12 grams. Urinalysis revealed 3+ albumin, trace of sugar, a few granular and hyalin casts, and 
10 to 12 white blood cells per high-power field. Nonprotein nitrogen was 50 mg. per cent. Urea 
was 27.8 mg. per cent; total protein, 7.4; albumin, 4.2; globulin, 3.2; A/G ratio, 1.3. Prothrombin 
time was 22 seconds (39 per cent of normal); coagulation time, 14 minutes, 35 seconds; serologic 
reaction was negative; sedimentation rate, 35. The blood culture was negative. A diagnosis of 
arteriosclerotic heart disease with cardiac decompensation and embolism of the right femoral and 
popliteal arteries was made. 


Hospital course: The patient’s temperature continued to remain elevated. Amputation of 
his right leg was considered. Suddenly, on Feb. 7, 1950, the patient’s temperature rose to 103.4°F. 
Amputation of the right lower extremity was performed, but the patient became incoherent, dis- 
oriented, and expired on Feb. 9. 

Post-mortem examination: The lungs showed a few areas of bronchopneumonia and exuded 
a purulent material. The heart weighed 540 grams. There was no pericardial effusion present. 
There were no valvular lesions present. <A diffuse zone showing white, fibrous tissue and measuring 
114 cm. in the greatest diameter was encountered in the wall of the left ventricle near the septum 
posteriorly. The coronary arteries showed relatively mild atheromatous changes. The left auricu- 
lar appendage contained an extensive clot. The aorta was relatively free of atheromatous changes. 
The spleen weighed 180 grams and contained a large infarct. The duodenum showed the presence 
of five ulcerated zones. The liver weighed 1,700 grams and contained several small infarcts. The 
right kidney weighed 200 grams; the left, 220. They were firm in consistency. The capsule 
stripped with ease. The cut surface showed a distinct cortical medullary junction. Infarcted 
areas were found near the capsule. The adrenals were of usual size and shape. The cut section 
showed no abnormalities. The medulla was more prominent than usual. The bone marrow was 
of the usual red color. The remainder of the gross examination was not remarkable. 


Microscopic examination: The epicardium and endocardium were thickened and contained 
masses of dense, pink-staining material. The same pink material accompanied many vessels 
lying within the wall. In another instance it appeared adjacent to the vessels. The small 
vessels appeared quite thickened because of this pink-staining material which also appeared in the 
valve studied. The lumen of the left atrium showed an extensive clot made up of dense, hyaloid 
fibrin. The lungs showed bronchopneumonia and pulmonary infarction. One section of the 
spleen showed an infarcted area. No pink-staining material was seen in the spleen. Sections of 
the liver showed coagulation necrosis and considerable fibrosis. Several small vessels in the portal 
spaces contained smooth, pink-staining material which resembled that noticed in the heart. Many 
of the small vessels of the pancreas also showed masses of homogeneous pink-staining material in 
the walls. The second section showed the same homogeneous pink-staining material in the walls 
of the larger vessels. The small vessels of the capsules of the adrenals showed the same amyloid 
material. One section of the kidneys showed the presence of a few hyalinizing glomeruli and the 
larger vessels showed the presence of homogeneous pink-staining material in the wall and also 
small collections of amyloid in the fibrous tissues. Special stains for amyloid were made. Sections 
of the heart studied with this stain showed the presence of amyloid in the vessel walls and in the 
tissue adjacent to the vessels. There was also a small collection of amyloid in the fibrous tissue. 
The homogeneous pink-staining material noted on the hematoxylin-eosin stain gave a positive 
stain for amyloid. Amyloid was identified in the following locations: arteries and veins of the 
liver; vessels and muscles of the duodenum; vessels of the pancreas and interlobular fibrous tissue 
of the pancreas; vessels of the adrenals; and vessels of the kidneys. There was also considerable 
amyloid deposition in the vessels of the lungs. 


Final diagnoses: Primary amyloidosis of the heart; deposition of amyloid in the vessels of 
the liver, duodenum, pancreas, right adrenal, kidney and mural thrombus of the left auricle; 
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infarction of the myocardium; infarction of the spleen, liver, brain, and lungs; terminal broncho- 
pneumonia; multiple duodenal ulcers; chronic passive congestion of the liver; and encephalo- 
malacia. 

CasE 2.—This 53-year-old white man was admitted to the hospital on April 10, 1952, with 
the chief complaint of swelling of the abdomen which was noted for the first time in October, 1951. 
The swelling progressed slowly despite medication. There was also mild dyspnea and swelling of 
the legs. 

Past history: In 1948, this patient had a left ureteral calculus which became lodged a few 
inches above the bladder. Surgical removal became necessary, following which a stricture devel- 
oped, necessitating another operation consisting in transplantation of the left ureter into a new 
site of the bladder. 

Physical examination: Physical examination revealed an acutely and chronically ill patient. 
There was marked pallor and generalized edema was noted. The blood pressure was 90/60 mm. 
Hg. There was a precordial friction rub over the apical area. There was dullness to percussion 
over both lung bases. The abdominal wall was markedly edematous and a fluid wave was elicited. 
The liver, spleen, and kidneys could not be palpated because of the ascites. There was four-plus 
edema of the lower extremities. 


Laboratory examinations: X-ray of the chest showed fluid in both lung bases. A scout film 
of the abdomen revealed a normal gas pattern. The kidneys were not visualized. There was 
evidence of ascites present. The red blood count was 5,110,000; hemoglobin, 110 per cent; white 
count, 10,400. Cholesterol on admission was 872. Nonprotein nitrogen was 52. Serum sodium 
was 125.9 mEq. Potassium was 3.8 mEq. Chlorides were 89 mEq.; creatinine, 1.8; organic 
phosphorus, 4.8; uric acid, 4.9; inorganic phosphorus, 3; total protein, 4.3; albumin, 1.2; globulin, 
3.1; A/G ratio, 0.4; serology negative; urinalysis 4+ albumin, numerous white blood cells, granular 
and hyalin casts and a few red blood cells. Specific gravity ranged from 1.010 to 1.014. Liver 
function tests showed 48 per cent of dye retained. Cephalin flocculation test was 1+ after 48 hours; 
icteric index, 10; cholesterol ester ratio, 57 per cent; Van den Bergh test, direct 0.2, indirect 0.9; 
serum bilirubin, 1.1; thymol turbidity, 6 units. 


Hospital course: During the patient’s hospital stay numerous laboratory examinations were 
performed and they were essentially like the first ones. The patient received numerous trans- 
fusions of plasma and protein and an attempt was made to keep the electrolytes within normal 
limits. The patient expired on May 11, 1952. 


Post-mortem examination: The abdominal cavity contained approximately 3,000 c.c. of 
straw-colored fluid. The right pleural cavity contained approximately 1,500 c.c. of turbid straw- 
colored fluid and the left chest cavity contained approximately 2,000 c.c. The heart size was 
within normal limits. The pericardial sac contained the usual amount of clear, straw-colored 
fluid. The heart, the aorta, and the vessels did not show any abnormality. The spleen weighed 
240 grams. It was also extremely firm. The adrenals were normal in size and consistency. There 
were generalized ecchymoses in the submucous area of the entire gastrointestinal tract, most 
marked in the stomach and ileum. The right kidney weighed 220 grams, the left 260. The cap- 
sules stripped readily revealing a fine to granular surface. Both organs were firmer than normal. 
The normal color of the freshly sectioned surface was replaced by a pinkish-tan, translucent color. 
in which there were many yellow-gray flecks. Many petechial hemorrhages were noted within the 
pelvis of both kidneys. The bladder showed an occlusion of the normal left ureteral orifice and 
the ureter emptied into the bladder 3 cm. above the normal position. The heart revealed a diffuse, 
low-grade increase in interstitial fibrous tissue. 

Microscopic examination: A moderate degree of amyloid deposition was found in the myo- 
cardium within the vascular walls. Sections of the lungs stained for amyloid showed a minimal 
amount of amyloid deposit within the vascular walls. Sections of the spleen revealed a normal 
splenic capsule, but the entire architecture of the spleen had been replaced by high-grade amyloid 
deposition within the vascular walls. The pancreas showed a moderately advanced deposition 
of amyloid tissue throughout the section. The usual pancreatic architecture was preserved. 
There was also considerable amyloid deposition within the vascular walls. The duodenum showed 
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a low-grade amyloid deposition in the blood vessels of the submucosa. The adrenals showed a 
high-grade amyloid deposition throughout the sections of the adrenal gland. There was also an 
amyloid deposition within the vascular wall. Sections of the kidney showed normal capsules and 
occasional minute subcapsular scarring was noted accompanied by low-grade lymphocytic infil- 
tration. Approximately 98 per cent of all the glomeruli were involved by high-grade amyloid 
deposition, and a patchy type of distribution of amyloid deposition was noted within the inter- 
stitial portion of the sections. 

Final diagnoses: Primary amyloidosis of the kidneys, spleen and liver; generalized edema; 


ascites; bilateral hydrothorax; submucosal hemorrhages of the gastrointestinal tract. 


DISCUSSION 


The heart is the most common site to be affected by primary amyloidosis: 
Skeletal muscle involvement is much less frequent. Amyloidosis of the tongue 
with macroglossia may be present in 33 per cent of the cases, according to Dahlin. 
In this event a biopsy will readily establish the diagnosis. 

The Congo red test is positive only if there is liver involvement since the dye 
is trapped first in the liver. Only rarely are positive Congo red tests obtained 
when amyloidosis is not found in the liver.* Therefore, in predominantly cardiac 
or muscle involvement the Congo red test is negative and of no diagnostic help. 
Even in secondary amyloidosis the Congo red test is not always positive. Dahlin 
states that if 90 per cent of the Congo red has to disappear in order to be con- 
sidered positive, none of his five cases was positive. 

Amyloidosis of the kidneys is clinically indistinguishable from nephrosis. 
As a matter of fact, amyloidosis of the kidneys is nephrosis for all practical pur- 
poses, since the amyloid is deposited in the renal tubules. Pure lipoid nephrosis 
occurs mostly in childhood and, therefore, in every case of a classical picture of 
nephrosis in adults, the possibility of amyloidosis should be entertained. 

In the older age group, nephrosis is usually a stage of glomerulonephritis, 
the so-called nephrotic stage of nephritis. Since amyloidosis of the kidneys can 
also affect the glomeruli and look similar to kidneys of chronic glomerulone- 
phritis, the differential diagnosis between the nephrotic stage of nephritis and 
amyloidosis of the kidneys is likewise practically impossible. Amyloid disease 
of the kidneys resembling chronic glomerulonephritis has been described by 
Noble and Major.'’ 

If the Congo red test is positive, the diagnosis is evident. Otherwise, short 
of a biopsy of the kidneys, there is no other means of confirming the diagnosis. 

It is generally accepted that amyloidosis is related to disturbed metabolism 
of protein. Injection of foreign protein is followed by amyloidosis in experimental 
animals." Likewise, hyperglobulinemia has been found in’ experimental 
amyloidosis." It is known that hyperglobulinemia is due to high gamma globulin 
production by the mesenchymal cells and that injury of the connective tissue is 
associated with elevation of the gamma globulin. The high globulin is an anti- 
body reaction in response to an antigen." 

A reversal of the A/G ratio in “primary” systemic amyloidosis of the heart 
is quite frequent.°-"-'"" Even in amyloidosis of the kidneys there is a reversal of 
the A’G ratio which is probably not due to renal disease, at least not in the 
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beginning, because the total protein is frequently normal.‘ Likewise, the urine 
in patients with renal amyloidosis frequently shows an increase in the protein 
fraction.'® 

That amyloidosis and para-amyloidosis are related to collagen diseases 
has been pointed out by Ehrich. Amyloidosis is probably due to perverted 
fibroblastic activity’ or to an alteration of the mucopolysaccharide-reticulin 
response,”’ or to a reaction of the mucopolysaccharides with normal and more 
frequently abnormal -protein.“ Any stimulus can, in susceptible individuals, 
cause an irritation of the ground substance with resulting disease entity belonging 
to the hypersensitivity group which can be either one of the collagen diseases, 
amyloidosis or sarcoidosis. The ground substance consists of fibrils, muco- 
polysaccharides, and chondroitin sulfuric acid. In collagen disease and likewise 
in amyloidosis there is an increase of these substances. In both conditions there 
is also a hyperglobulinemia due to increased antibody production as a response 
to irritation of the ground substance. Amzyloidosis following such diseases as 
rheumatic fever and rheumatoid arthritis has been reported.*'* This constitutes 
a further link in the hypothesis that there is a close relationship between amyl- 
oidosis and collagen disease. 

An elevated globulin is classical in multiple myeloma and it is assumed" 
that the amyloidosis following multiple myeloma is due to the precipitation of 
normal or abnormal protein. 

Apitz* goes even so far as to postulate that every case of primary amyloidosis 
is associated with plasma-cell proliferation and is either an unrecognized or a 
burned-out case of plasma-cell proliferation. 

The following sequence of events can be postulated in amyloidosis: irritating 
stimulus, injury of the ground substance, increased protein production, pre- 
cipitation of circulating protein into sensitized collagen tissue, and amyloid 
formation. 

ACTH has been tried in multiple myeloma and in other conditions termi- 
nating in amyloidosis, such as ulcerative colitis, regional enteritis, rheumatic 
fever, and rheumatoid arthritis. The action of ACTH on the ground substance 
is well known. It seems to inhibit collagen formation and fibril production. It 
diminishes the permeability of the connective tissue and decreases antibody 
formation and plasma-cell and gamma-globulin production because of its cata- 
bolic effect. Since ACTH and cortisone are supposed to have a modifying action 
on the collagen tissue, they are therefore indicated in primary amyloidosis. 
ACTH is indicated in nephrosis.* Theoretically, ACTH is contraindicated in 
heart failure. However, ACTH has recently been advocated for treatment of 
idiopathic myocarditis (Fiedler’s isolated myocarditis). Perhaps with progress 
in cardiac surgery it will be possible to perform biopsies in selected cases for 
diagnostic purposes. Cardiac surgery has been advocated recently for diagnostic 
purposes by Bailey and associates.” In heart failure due to amyloidosis of the 
heart, ACTH is probably the only hope for an improvement. It is known that 
amyloidosis, at least in the early stages, is a reversible process. Grayziehl and 
Jacobi® reported that after treatment of amyloidosis with dessicated-whole-liver 
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powder he observed reabsorption and disappearance of amyloid deposits. Like- 
wise Waldenstrom”’ states that amyloid can disappear from the tissues in early 
stages. 

SUMMARY AND CONCLUSIONS 

1. Two cases of primary amyloidosis, one of the heart and one of the kid- 
neys, are reported. 

2. Primary amyloidosis is probably caused by an imbalance of the A/G 
ratio as a response to an irritative stimulus with deposition of protein into the 
sensitized ground substances. 

3. Primary amyloidosis belongs to the group of hypersensitivity diseases. 

4. Since it has been postulated that amyloidosis is caused by plasma-cell 
proliferation, present or past, a search for plasma cells should be made in every 
case of suspected amyloidosis. This can be helpful in establishing a diagnosis. 

5. ACTH should be tried in every case of amyloidosis. 
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ABSENCE OF THE LEFT PULMONARY ARTERY 


A REPORT OF SIX CASES WITH AUTOPSY FINDINGS IN THREE 


J. S. McKim, M.D., M.Sc., D.C.H. (ENG.), AND 
W. WIGLEsworthH, M. D. 
MONTREAL, QUEBEC 


INTRODUCTION 


NINCE 1868, as far as can be determined, there have been ten recorded pa- 
tients! ?:4-6.10.2.13.16.17 with absence of one branch of the main pulmonary 
artery. All of these were diagnosed by autopsy or surgical operation. In 1952, 
Madoff and associates'' added an eleventh case and their study, including angio- 
cardiography and bronchospirometry, showed quite conclusively that the lesion 
in question was a congenital absence of the right pulmonary artery. This patient, 
a 14-year-old girl, was apparently the first reported patient in whom the diagnosis 
was made before autopsy or surgery. Their paper presented an excellent tabula- 
tion of the previous cases and dealt largely with the disturbed physiology of the 
pulmonary respiration and circulation associated with the anomaly. 

Including the case reported by Madoff and associates there have been eight 
females, two males, and one with sex not recorded. In all except one patient 
there were minor or major cardiac anomalies. No anomalies of other systems 
were recorded. Four patients died of conditions unrelated to the anomaly, 
one at the age of thirty-five years from puerperal sepsis. It is apparent that 
the anomaly is compatible with survival and may be unsuspected in routine 
investigation. 

Of the eleven cases reported, eight had absence of the right pulmonary artery 
and three had absence of the left pulmonary artery. The associated cardiac 
anomalies included one with aortic septal defect, three with patent ductus ar- 
. teriosus, three with patent foramen ovale, one with multiple anomalies including 
coarctation of the aorta, one with tetralogy of Fallot, one with ‘‘pulmonic ste- 
nosis,’ and one with absence of the transverse aortic arch. In four instances, it 
was noted that the affected lung or hemithorax was smaller than the other side. 

The three recorded examples of absent left pulmonary artery are of par- 
ticular interest to us. The first one was a post-mortem examation by Thomas'' 
of a 3-month-old female infant who died with tetralogy of Fallot. This infant 
had an anomalous vessel arising from the aorta, to the left of a left innominate 
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artery and entering the left lung, and there was a right-sided aortic arch and 
absence of the ductus arteriosus. 

The second case of absent left pulmonary artery was noted by Blalock? 
during an operation. The left lung received a branch from a left innominate 
artery and a right-sided aortic arch was noted. 

The third example of absent left pulmonary artery was observed by Sweet 
and White" in a 28-year-old female from whom they removed the upper lobe of 
the left lung for a hemorrhage which had resulted from a ruptured atheromatous 
branch of an anomalous artery. This artery was a branch of the distal third 
of the aortic arch. It supplied the left lung with a copious amount of blood and 
exceeded the descending aorta in diameter. The authors state that ‘evidence 
of other cardiac anomalies’’ was present but, as the patient is still alive, the 
other anomalies are not known. 

Humphreys’ cites two cases of a somewhat different type of anomaly in which 
there was a true truncus arteriosus. One case was a male newborn infant with 
the left pulmonary artery originating from the truncus, absent right pulmonary 
artery and ductus, and the right lung supplied by two bronchial arteries. The 
other case was a 4-month-old male infant with a solitary right pulmonary artery 
from the truncus in whom the left lung was supplied by bronchial arteries. 

The present paper deals with the history, investigation, clinical course, and 
autopsy findings in three patients with absence of the left pulmonary artery. 
This anomaly has been observed three times in a total of 210 hearts with con- 
genital anomalies examined at autopsy at this hospital. 

Three additional patients, presently living, in whom presumptive diagnoses 
of absence of the left pulmonary artery have been made, will be briefly considered. 
All patients have been under the care of the departments of cardiology and surgery 
of The Children’s Memorial Hospital, Montreal. 


CASE REPORTS 


Case 1.—D. C., a 5-vear-old female, was admitted on Nov. 10, 1947, and died on Dec. 12, 


1947. She was first noted to have cyanosis at age 7 months. Although there had always been 
marked limitation of activity, she had had no spells of unconsciousness. The mother’s preg- 
nancy and delivery were normal. 

On examination, she was seen to be underdeveloped and moderately cyanotic about the lips 
and nails with clubbing of the fingers. Cardiac examination revealed a harsh, moderately loud, 
systolic murmur, maximal in the third left intercostal space, and transmitted into the posterior 
thorax and left axilla. 

Oxygen saturation of the femoral artery blood was 75 per cent. The electrocardiogram 
showed a pattern of right ventricular hypertrophy. Plain films of the chest showed definitely 
less vascularization of the left lung as compared to the right, a slightly smaller left lung, slight 
shift of the mediastinum to the left, and slight crowding of the ribs on the left. Aeration of the 
left lung was normal. No anomalies of ribs or vertebrae were present. 

On fluoroscopy, there was a right aortic arch, a small pulmonary artery, reduced hilar vascular 
markings, and a large right ventricle. Cardiac catheterization revealed a high right ventricular 
pressure, a reduced pulmonary artery flow, and a considerable right-to-left shunt. 

In the angiocardiogram, the aorta and main pulmonary artery filled simultaneously, but 
there was no filling of the left pulmonary artery or its branches (Fig. 1). The clinical diagnosis 
was tetralogy of Fallot with right aortic arch and a small or absent left pulmonary artery. It 


= 
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was decided to do an exploratory thoracotomy on the left side and, if a pulmonary artery was 
present, to perform an anastomosis. 

At this operation, what appeared to be a small left pulmonary artery was found but the 
artery was not considered of adequate size for an anastomosis. The operative findings, therefore, 
indicated that it was safe to perform an anastomosis on the right in view of the presence of a left 
pulmonary artery. At the second operation, the right pulmonary artery was exposed to its 
bifurcation in the hilus of the right lung. An end-to-side anastomosis was accomplished between 
the right subclavian and the right pulmonary artery. The pulse and blood pressure fell shortly 
after clamping the right pulmonary artery. After completion of the anastomosis, the heart 
stopped and it was not possible to restore its activity. 


Fig. 1. —Case 1 Angiocardiogram. The left pulmonary vascular tree is not opacified by Diodrast, 
whereas the right pulmonary vessels fill normally. 

Case ?.-—M. M., a 26-month-old female infant, was admitted on May 1, 1951, and died 
May 14, 1951. She had appeared normal until 9 months of age when a respiratory infection 
caused an episode of dyspnea, cyanosis, tremor, and stiffness of the limbs. She had had five 
admissions because of cyanosis and dyspnea, prior to her final admission. The pregnancy, de- 
livery, and neonatal period were normal. 

At 26 months of age, she weighed 16 pounds and there was moderate, generalized cyanosis 
and clubbing of fingers and toes. There was a loud systolic murmur heard maximally in the 
pulmonary area and associated with a slight thrill. 

Oxygen saturation of the femoral artery blood was 62 per cent. The electrocardiogram 
showed right ventricular hypertrophy. On fluoroscopy, there was a right aortic arch, a small 
main pulmonary artery, reduced hilar vascular markings, and a large right ventricle. Plain 
films of the chest did not reveal a significant difference between the two lung fields. 
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The angiocardiogram showed a right aortic arch and simultaneous filling of the aorta and 
main pulmonary artery from the right ventricle. The main pulmonary artery appeared small 
and both intrapulmonary branches appeared to be filled. The clinical diagnosis was tetralogy 
of Fallot with right aortic arch. 

At operation, a right aortic arch was seen and the right pulmonary artery was identified and 
dissected out. When it was occluded in order to perform the anastomosis, cardiac arrest occurred, 
and the patient died after a brief period of ventricular fibrillation. 

Case 3.—P. B., a 20-month-old male infant, was admitted on Aug. 2, 1952, and died on 
Aug. 31, 1952. 

The infant had never thrived and a diagnosis of congenital heart disease was made at 5 months 
of age. He hada history of chronic respiratory infections, dyspnea, weakness, and loss of weight, 


and died in an episode of extreme cyanosis and dyspnea. 


Fig. 2 Case 1. Anterior view of heart, aorta, single right pulmonary artery (partially opened), 


and hilus of left lung. Note cordlike vessel (obliterated ductus) passing from left innominate artery 
to the hilus of the left lung where it becomes continuous with a wider patent vessel which gives off 
normally distributed intrapulmonary branches of a left pulmonary artery. 


Cardiac assessment at the age of 19 months revealed a moderately loud systolic murmur, 
maximal in the third and fourth intercostal spaces along the left sternal border, and an unusual 
electrocardiogram, which could be interpreted as combined ventricular hypertrophy. Cardiac 
enlargement and a right aortic arch were present on the chest roentgenogram. Plain films of the 
chest showed moderate differences between the right and left side of the chest, as in Case 1. The 
right lung, however, showed unusually prominent vascular markings. The clinical diagnosis 
was chronic respiratory infection, malnutrition, and congenital heart disease, probably cyanotic 


type. 
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GROSS AUTOPSY FINDINGS 

CAsE 1. 

(1) General findings: ‘Typical tetralogy of Fallot with stenosis of the pulmonary valve, 
bicuspid pulmonary valve, hypertrophy and dilatation of the right ventricle, high interventricular 
septal defect, and dextroposition of the aorta. 

There was a slight shift of the mediastinum to the left. The lungs were mildy congested 
but otherwise were not remarkable. There was no recorded difference between the two lungs 
as to size. No collateral circulation to the left lung was noted. The remainder of the autopsy 
findings were irrelevant. 

(2) IV and VI arch derivatives: The main pulmonary artery was continuous with the right 
pulmonary artery, curving upward, backward, and to the right, to end in normal hilar branches 
to the right lung. There was no left pulmonary artery nor was there a bulge or depression in the 
main pulmonary trunk to suggest the site of a left branch. 

The aortic arch was on the right. The first branch of the aortic arch was the left innominate 
which immediately divided into three branches, the left common carotid, the left subclavian, 
and an anomalous vessel. 

This anomalous artery entered the hilus of the left lung, where it divided into the normal 
and patent branches of a pulmonary artery (Fig. 2). It was 35 mm. in length, 2 mm. in external 
diameter at its origin, and 1 mm. in external diameter until it reached the left lung where its 
branches varied from 1 to 3 mm. in external diameter. The lumen of the vessel was obliterated 
in the central portion for a distance of 2 cm. Each end had a funnel-shaped lumen, the aortic 
end measuring 0.8 cm., and the pulmonary end 1.0 cm. in length. 

The aortic arch also gave off, in subsequent order, the right common carotid and the right 
subclavian. ‘The latter vessel had been anastomosed to the inferior branch of the right pulmonary 
artery. <A probable tiny right ductus arteriosus connected the right pulmonary artery (3.4 cm. 
from the pulmonary valve) to the posterolateral aspect of the first part of the aortic arch (3.5 cm. 
from the aortic valve). This vessel measured 10 mm. long and 1 mm. in external diameter. 
No lumen could be seen grossly but, microscopically, a tiny lumen was present. The wall was 
highly muscular and showed no obliterative changes in the intima. In spite of its small size, 


we considered this to be a right ductus arteriosus. 


CasE 2. 

(1) General findings: Typical tetralogy of Fallot with a bicuspid stenotic pulmonary valve, 
hypoplasia of the pulmonary conus, hypertrophy and dilatation of the right ventricle, high inter- 
ventricular septal defect, and dextroposition of the aorta. 

There was a slight shift of the mediastinum to the left. The left lung was pale pink in color 
and well aerated. The right lung was collapsed and congested. ‘There was no recorded difference 
between the two lungs as to size. No collateral circulation to the left lung could be found grossly. 

(2) IV and VI arch derivatives: The main pulmonary artery was continuous with the right 
pulmonary artery as seen in Case 1. The right pulmonary artery divided at the hilus into an 
inferior and a superior branch. The latter showed ties from the recent operation. There was 
no trace of a left pulmonary artery. 

The ascending aorta, aortic arch, and descending aorta were on the right side. The first 
branch of the aortic arch was the left innominate which, as described in Case 1, divided into 
three branches, a left common carotid, a left subclavian, and an anomalous vessel which entered 
the hilus of the left lung. The anomalous vessel measured 40 mm. in length, 1.5 mm. externally 
near the aortic end, 1.5 mm. externally at the mid-point, and 4 mm. externally near its branches. 
The origin of the vessel was patent and funnel-shaped, narrowing to an obliterated lumen after 
0.2cm. The vessel again widened into a funnel-shaped patent lumen for 0.5 cm. before it branched 
into the patent arteries to the lung. Post-mortem injection of barium sulfate into the right and 
left intrapulmonary arteries was done. The pattern was the same on both sides, although the 
caliber was smaller on the left. This, however, may have been due to the crude technique used. 
Che aortic arch gave off a right common carotid and a right subclavian. There was no trace of 
a right ductus arteriosus. 


3. 


(1) General findings: So-called Eisenmenger complex including a high interventricular 
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septal defect, overriding aorta arching to the right, normal pulmonary conus and valve, hyper- 
trophy and dilatation of the right ventricle, dilatation of the right atrium, slight hypertrophy 
and dilatation of the left ventricle. 

There was a marked shift of the mediastinal septum to the left (2.5 cm.), and it was attached 
to the bony thorax. The right lung was slightly more voluminous than the left and was evidently 
more aerated than the left. On cut section, the arteries of the right lung were much more promi- 
nent than the left because of their large size and dilatation. Otherwise, the lungs showed grossly 
no noteworthy lesion. 

(2) IV and VI arch derivatives: As in Cases 1 and 2, the main pulmonary artery was con- 
tinuous with the right pulmonary artery with no trace of a left pulmonary artery. In this case, 
the pulmonary vessels were of normal or increased caliber in contrast to the two tetralogies where 
the vessels were smaller than normal. 

Exactly as in Cases 1 and 2, there was a left innominate artery which divided into a left 
common carotid, a left subclavian and a cordlike anomalous vessel which entered the hilus of 
the left lung. This vessel was 35 mm. long and passed anterior to the trachea and left main 
bronchus to provide branches which followed the segmental bronchi into the left lung. The 
lumen was obliterated and the vessel narrow (1 to 2 mm.) for most of its length, although there 
was a small lumen for a short distance at both the innominate and hilar ends. The hilar and 
intrapulmonary branches were patent and of good caliber. 

In this patient, there were three minor anomalous blood supplies to the surface of the left 
lung, a small branch of the left internal mammary artery to the lingula and the pectoral segment, 
and a large vessel from the abdominal aorta to the diaphragmatic surface of the basilar segments. 
Both entered the pleura of the left lung via fine cardiopleural and pleurodiaphragmatic adhesions. 
They could be seen coursing over the surface of the pleura and, in sections, could be seen in the 
septa of the lung. Their intrapulmonary connections were not demonstrated. It could not be 
decided whether the adhesions were congenital or acquired. Thirdly, a small branch of an inter- 
costal artery passed to the posterior basal and apical segments of the lower lobe. 

A right ductus arteriosus was present, passing from the right pulmonary artery to the distal 
part of the aortic arch. It measured 5 mm. long and 3 mm. wide. The lumen was closed, but 
the aortic and pulmonary ends could still be identified as small indentations of the intima. 


In summary, there were two cases with tetralogy of Fallot and one with 
Eisenmenger complex. All three cases had a right aortic arch and a left in- 
nominate artery. All three had an obliterated vessel running from the innomi- 
nate artery to the hilus of the left lung. One case had a closed right ductus ar- 
teriosus, one had noright ductus arteriosus, and one had a probable right ductus 
arteriosus. In each instance, the main pulmonary artery was continuous with 
the right pulmonary artery, and there was no trace of a left pulmonary artery. 
The intrapulmonary distribution of the branches of the anomalous vessel was 
identical with that of a normal left pulmonary artery. 

In two cases, there was a slight, and in one case a marked, shift of the medi- 


astinal septum to the left. The right lung was notably more voluminous than 
the left in Case 3. Grossly, in all three cases, the left lung had undergone normal 
development. It was noted that, in one case, three minor collateral arteries 
supplied the left lung. The vagus, with its recurrent branches, which might 
have added information to the embryologic interpretation, was not dissected 
in any of the three cases. 
MICROSCOPIC FINDINGS 
There were no structural differences between the right and left lungs. In the two cases of 
tetralogy, the vessels did not show any abnormality or structural differences but, in the case with 
the Eisenmenger complex, the pulmonary arterioles of the right lung only showed definite, but 
not marked, medial hypertrophy, indicating a state of hypertension in the right lung. The 
arterioles of the left lung were normal. This is further and unique evidence of the effect of hyper- 


tension on the lung vasculature. In the so-called Eisenmenger complex, the pulmonary arterial 


MCKIM AND WIGLESWORTH: ABSENCE OF LEFT PULMONARY ARTERY 851 


Fig. 3.—Cross section of anomalous vessel (obliterated ductus). Note small calcified mass cen- 
trally, with complete absence of lumen.  Irregularly distributed smooth muscle fibers (fine, elongated, 
dark streaks) in media can be seen, particularly above the calcified mass. Mallory’s phosphotungstic 
acid hematoxylin stain. (110) 


Fig. 4. —Cross section of obliterated ductus (anomalous vessel) showing fibro-elastic tissue filling 
the lumen and the wavy, black, intimal elastic lamina. Outside of this is a relatively wide, pale area 
with few elastic fibers (the muscular media). Peripherally, there is a considerable number of slightly 
fragmented elastic fibers, partly derived from the sleevelike extension of the pulmonary artery into the 


adventitia of the ductus. Weigert's elastic tissue stain. (X90) 
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pressure is of systemic levels but, in Case 3, the left lung was isolated from the main pulmonary 
circulation and thus hypertensive changes did not occur in its vessels. 
tissue from each of the anomalous vessels were examined. ‘These were 


Three blocks of 
Except for minor details, 


taken from the aortic end, the mid-point, and the pulmonary end. 
the structural appearance of the vessels from all three cases was similar. 

The lumen of each vessel was obliterated at the aortic end and the mid-area. At several points 
tiny vascular channels were present which, on serial section, were found to disappear. The 
lumen was filled with a fibroelastic tissue of irregular pattern, at the outer edge of which could be 


seen remnants of the internal elastic lamina. In Cases 1 and 2, the tissue in the lumen presented 


a hyalinized appearance and scattered foci of calcified material were present. 

Examination of the media in all instances showed the artery to be muscular (Fig. 3), as there 
were numerous smooth muscle fibers separated by fine fibrous tissue and scattered elastic fibers 
which tended to be more numerous near the junction with the adventitia (Fig. 4). These elastic 


fibers were moderately fragmented. Cases 1 and 2 showed more evidence of fibrosis of the media 


than the vounger Case 3. 


Fig. 5. —Cross section of patent pulmonary end of ‘‘anomalous vessel.'" Note predominant elastic 
character of media with its row on row of intact wavy black fibers. The patch of intimal thickening 


is an extension from the closed ductus Weigert's elastic tissue stain (x90) 


The muscularity of the obliterated arteries contrasted with the predominant elastic character 
of the pulmonary end. As the vessels became patent at the hilus of the lung, the muscular con- 
stituents of the media disappeared and the media became essentially elastic with circularly ar- 


ranged wavy fibers. At the lung end, each was an elastic artery similar to the normal pulmonary 


artery (Fig. 5). 

It is evident from the muscular structure of the media, together with the noninflammatory 
obliterative changes in the intima, that this vessel is an obliterated left ductus arteriosus. This 
is confirmed by the fact that it is continuous with a highly elastic artery at the hilus of the left 


lung, which structurally is identical with a pulmonary artery. 


CLINICAL CASES OF ABSENT LEFT PULMONARY ARTERY 
In three living patients, a presumptive diagnosis of absence of the left pul- 
monary artery has been made and a summary of the findings to date is given. 


Case 4.—P. L., a 5-vear-old girl with a history of cyanosis since 6 months of age, moderate 


limitation of activity due to shortness of breath, squatting, and retardation of growth. Exami- 
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nation revealed a split first sound, well heard second sound, and no murmur. The electrocardio- 
gram was suggestive, but not typical, of right ventricular hypertrophy. Fluoroscopy showed 
prominence of the right ventricle, a small main pulmonary artery, and a large aorta arching to the 
left. There was a striking difference in the vascularity of the two lungs; it was markedly reduced 
on the left and normal or slightly increased on the right. Angiocardiogram showed instantaneous 
filling of the aorta and the right pulmonary artery from the right ventricle, but only a small amount 
of dye appeared in the left lung field in later films. On cardiac catheterization, the pressure in 
the right ventricle was of systemic level, and the aorta was easily entered, but the pulmonary 
artery could not be intubated. The diagnosis of tetralogy of Fallot with absent left pulmonary 
artery was made. 

Case 5.—E. A., a 5-year-old girl, cyanotic since birth with moderate limitation of activity and 
retardation of growth. On examination, a short, harsh, systolic murmur was noted in the pul- 
monic area, not associated with a thrill. Inaddition, there was a well-marked continuous murmur 
of ‘humming top” quality, heard over the right chest, maximally just below the clavicle. Electro- 
cardiogram showed a pattern of right ventricular hypertrophy. On fluoroscopy, the heart was 
somewhat enlarged with a markedly uplifted apex and a very large aorta arching to the left. 
The vascularity of the right lung was about normal and significantly greater than that of the left. 
Angiocardiogram revealed immediate filling of the aorta from the right ventricle and simultaneous 
filling of the vessels of the right lung. An anomalous vessel was seen to arise in the region of the 
right innominate artery and to arch downward. ‘There was some dye in the left lung field, but 
no definite main or left pulmonary artery was seen. On cardiac catheterization, as in Case 4, 


only the aorta was entered. 


It is believed (Case 5) that the right lung receives blood through the anom- 
alous vessel which, in view of its site of origin, probably represents a right ductus, 
and that this accounts for the continuous murmur. Although there is evidence 
of absence of the left pulmonary artery, the over-all picture is difficult of inter- 
pretation because the true right pulmonary artery cannot be demonstrated. 
In fact, the right pulmonary artery could be absent, with a patent right ductus 
supplying the right intrapulmonary branches and with a severely stenotic left 
pulmonary artery. This case is recorded to indicate the possible complexities 
resulting from malformation of the pulmonary arches. It is of note that, in both 
these cases, an overriding aorta and a reduced pulmonary flow are present, but 
the benefit of a shunting operation is in considerable doubt. 


Cask 6.—L. W., a 5-year-old boy, was examined in infancy because of a history of episodes 
of cyanosis and the presence of a heart murmur requiring elucidation before adoption. An angio- 
cardiogram was done which showed dye passing from the right ventricle into a normal-sized main 
pulmonary artery and thence into the right lung. There was no opacification of any pulmonary 
vessels in the left lung until dye, returning into the left side of the heart, had opacified the aorta, 
which had a normal course, arching to the left. 

Examination at 414 years of age showed a well-developed boy who was normally active and 
showed no trace of cyanosis. A harsh systolic murmur was present below the right clavicle 
with a faint systolic thrill palpable in the vessels of the neck. At times, a soft continuous murmur 
was thought to be present. The electrocardiogram showed a pattern of right ventricular hyper- 
trophy. On fluoroscopy, the heart was not definitely enlarged but showed some prominence of 
the right ventricle. There was a significant difference in the vascularity of the two lungs; it 
was normal on the right and reduced on the left. 

A definite diagnosis, beyond absence of the left pulmonary artery, has not been made in this 
case. 


EMBRYOLOGY 
The embryologic studies of Congdon® on the aortic arch system of human 
fetuses has been used as the major reference in the interpretation of the vascular 
anomalies present in these three cases. 
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For convenience, he has divided the transformation of the aortic arch system 
into two main contrasting phases: (1) branchial, and (2) postbranchial. The 
branchial phase marks the earliest period of development when the vessels ap- 
proximate the pattern which in lower vertebrates follows the gill arches. The 
postbranchial phase is characterized by a change from branchial to adult type 
vessels, and its commencement is arbitrarily marked by the disruption of the 
pulmonary arch. The paired aortic arches develop in a period of five to six weeks, 
extending approximately from the third to the ninth fetal week. 

The evidence of most workers shows that the aortic arches originate prima- 
rily from a pre-existing vascular network which receives a bud from the dorsal 
aorta and one from the primitive aortic sac. Before the formation of the pul- 
monary or VI arch, two vessels (primitive pulmonary arteries) passing from the 
aortic sac to the rudimentary pulmonary plexuses, are clearly present before 
the bud from the aortic end appears. The bud from each dorsal aortic arch 
grows out to join the respective primitive pulmonary artery at a right angle, 
thus completing the pulmonary arch. This aortic component on the left is the 
ductus arteriosus of the full term fetus. On the right side, it normally disappears 
at the end of the branchial phase of development. Huntingdon* has found a 
similar formation of the VI arch in cats and albino rats. He has also observed 
that the primitive pulmonary plexus is joined by branches of the dorsal aorta 
so that, when the primitive pulmonary artery grows into the plexus, there is 
already a communication between pulmonary and systemic circulations. Cong- 
don was unable to confirm this connection between the pulmonary plexus and 
dorsal aorta in human fetuses. 

In view of the controversy concerning the existence of a fifth aortic arch 
and the complete absence of any rudiment beyond the earliest fetal life, it has 
not been considered as a possible cause of the anomaly. 

The first and second paired arches quickly disappear. The third paired 
arch becomes the right and left common carotid arteries. The fourth arch on 
the right becomes the right innominate artery and, on the left, the aortic arch. 

The postbranchial phase (Fig. 6) is marked by the interruption of the three 
remaining paired arches in four regions, the segment of each dorsal aorta between 
the third and fourth arches, the segment of the right dorsal aorta between the 
subclavian artery and the unpaired dorsal aorta, and the part of the right pul- 
monary arch between the aorta and the primitive right pulmonary artery. These 
vascular segments disappear without trace except for the pulmonary arch. The 
broken right pulmonary arch behaves uniquely by remaining for a time as a long 
cord of degenerating cells (Congdon). It is evident that the aortic component 
of the pulmonary arch is intrinsically different from the remainder of the aortic 
arch system. 

The earliest sign of the development of the two primitive pulmonary arteries 
(Fig. 7) was noted by Congdon* after the completion of the fourth aortic arch 
and the presence of a lung bud with differentiated primary lobes. The VI arch 
on each side is formed when the caudally-growing primitive pulmonary artery 
is tapped by a bud from the dorsal aorta, dividing the primitive pulmonary 
artery into a proximal heart-end and a distal lung-end. The heart-end. together 
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with the component from the dorsal aorta, becomes the pulmonary arch. The 
next change of embryologic importance is the interruption of the right pulmonary 
arch by loss of the aortic component, as previously described. The two pul- 
monary arteries, which, up to now, have been separated by the length of the 
pulmonary component to the left pulmonary arch, gradually move together to 
assume the adjacent origins which are seen in the adult as the bifurcation of the 
main pulmonary artery. In the meantime, the aortic trunk has undergone the 
well-known spiral division to produce the separate pulmonary trunk known as 
the main pulmonary artery. 

The IV arch derivatives in these three cases represent a right-left reversal. 
The right dorsal aorta has remained as a right descending aorta with the right 
IV arch forming the permanent right aortic arch. The left [V arch has formed 
the left innominate artery which is the counterpart of the aortic arch. 


L. Int. Carotid 
L. Ext. Carotid 


Rt. Int.Carotid 


Rt Com. Carotid 
Aortic Arch 


| nnominate 


Rt Subclavian 


Ductus Arleriosus 


Main Pulmonary Ascending AorLa 


L. Vertebral 


RL. Vertebral 
L. Su bclavian 


Rt. Svbclavian 
Descending Aorta 


Fig. 6. —Development of aortic arches. Human fetus (adapted from Congdon’). 


There are two possibilities as to the fate of the left pulmonary artery in our 
cases (Fig. 8). Possibly, it united normally with the primitive pulmonary vas- 
cular plexus and the heart-end disappeared after being joined by the bud from 
the dorsal aorta, leaving the aortic bud continuous with the pulmonary end of 
the primitive pulmonary artery. On the other hand, the left primitive pulmonary 
artery may have failed to develop and the aortic bud grew directly into the 
pulmonary plexus to become the source of blood supply to the growing lung. 
The perfect anatomic development of the hilar and intrapulmonary arteries 
slightly favors the original development of a left primitive pulmonary artery 
and the subsequent involution of that portion proximal to the union with the 
aortic bud, but of this. there is no proof. 


—— 
— — 
\ A 
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Fig. 7. 
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Fig. 8 


Fig. 7 Pulmonary arches Primitive pulmonary arteries arising from aortic sac and proceeding 
to lung buds. They are joined by a bud from the dorsal aortae. 


artery in the autopsy cases. The left ductus arises from the persistent left aortic root as represented 


Fig. 8 Anomaly. The broken line indicates the absent ‘‘heart-end'"’ portion of the left pulmonary 
The right obliterated ductus was also present in Case 3 


by the left innominate artery 
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DISCUSSION 


The anomalous vessel, from the innominate artery to the hilus of the left 
lung, found in our three cases at post mortem has been shown to bz an obliterated 
left ductus arteriosus. Embryologically, it is evident that the ductus arteriosus 
can arise from the innominate artery, and this is confirmed by the occasional 
finding at autopsy of a ductus arteriosus uniting a normally formed pulmonary 
artery with the innominate artery. Therefore, the site of origin is perfectly 
compatible with that of a ductus arteriosus. 

Neither is the presence of bilateral ductus arteriosi, as in two of our cases, 
an impossibility. Bilateral ductus have been reported by Peacock," Salzer," 
and Kelsey and associates,'* and, very recently, we have examined at post mortem 
a case of tricuspid atresia with complete transposition of the great vessels, in 
which there were bilateral ductus arteriosi in their normal relationship. This 
being so, the cases of absence of one or other pulmonary artery, reported by 
Frantzel,® Doring,t Ambrus,'! and Jew and Gross,'® have had bilateral ductus 
arteriosi. Furthermore, there may be a single right ductus or complete absence 
of a ductus. 


Grossly and microscopically, it is obliterated over the greater part of its 
course and the obliterative changes are similar to those described by Jager and 
Wollenman.’ Above all, it has been shown to be a muscular artery, connecting 
two elastic arterial systems. At its pulmonary end, where the lumen is patent, 
the wall is identical with the elastic wall of a pulmonary artery. The fact that 
it is so frequently obliterated is in itself evidence that it was originally a ductus 
arteriosus. Then, too, the left lung is normally developed and of practically 
normal size. It might be postulated that the normal size of the left lung at birth 
is at least partly dependent on a sufficient volume of blood reaching the lung 
through this ductus. With closure of this ductus, the volume of blood entering 
the lung is reduced markedly, a process which may in part account for the smaller 
size of the lung as compared to the contra-lateral organ. 


It is most important to point out that, as in the case of patency of a normally 
situated left ductus, the ductus, in these cases of absent right or left pulmonary 
artery, may remain patent. This is illustrated by Blalock’s case’ of a functioning 
supplying most of the blood to 


vessel from the left innominate artery 
the lung,” those reported by others,':*:'":” as well as possibly by Case 5 of our 
living series. 


The reverse relationship to the aortic arch should be again stressed. In 
all cases where the aortic arch was observed, it was on the side opposite to the 
absent pulmonary artery. However, it is not possible to be dogmatic about 
this point for, in Cases 4 and 6 and possibly Case 5 of our living group, the absent 
left pulmonary artery appears to be associated with a left aortic arch. 

Sex difference, on statistical analysis of the sixteen cases in which the sex 
is recorded (twelve females and four males), is of doubtful significance, being at 
the 5 per cent level (a 1 in 36 possibility of occurring by chance). The series 
s at present too small for any definite conclusion. 
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The diagnosis of an absent right or left pulmonary artery may be first sug- 
gested by changes noted in the routine plain films of the chest. The hemithorax 
of the affected side may be seen to be smaller and the ribs more closely spaced, 
with slight shift of the mediastinal septum. The affected lung may appear 
undervascularized as compared to the opposite lung. Nevertheless, it must 
be pointed out that, in complicated cardiac anomalies, particularly with pul- 
monary stenosis, one lung may be undervascularized as compared to the other 
because of an unequal distribution of a collateral circulation, even though both 
right and left pulmonary arteries are present. 

Angiocardiography is the most valuable method of examination but, as 
seen in Case 2 of our autopsy series, this technique may fail to demonstrate the 
abnormality, presumably associated with an adequate collateral circulation. 
Furthermore, patency of the unusually situated ductus arteriosus may confuse 
the issue. Differential oxygen consumption between the two lungs is probably 
very significant but the performance of such an estimation is dependent on the 
age of the patient and availability of the apparatus. 


The physiologic significance of this anomaly is that the lung, deprived of 
its pulmonary circulation, does not participate in oxygen exchange. In the case 
studied by Madoff and associates," the affected lung was responsible for only 6 
per cent of the oxygen uptake, although it handled 37 per cent of the inspired air. 
Thus, when the single pulmonary artery is clamped or cut off, the patient is 
immediately deprived of oxygen, unless an adequate collateral bronchopul- 
monary anastomosis has developed. The patient with one pulmonary artery 
absent is dependent on one lung for oxygenation, but the anomaly is compatible 
with life and may be asymptomatic. 

From a surgical standpoint, it would be prudent, when contemplating an 
aorticopulmonary anastomosis or a pulmonary resection, to be reasonably certain 
that there is a pulmonary artery both on the operative as well as on the non- 
operative side. 

SUMMARY 


Three cases have been presented in which an absent left pulmonary artery 
was demonstrated at post-mortem examination. The findings in three living 
patients, presumed to have an absent left pulmonary artery, are also briefly 
reported. The literature has been reviewed, and eleven cases of absent right 
or left pulmonary artery briefly commented upon. 


1. The principal anatomic features are as follows: 


(a) Absence of the central or heart-end of the left pulmonary artery with 
persistence of a normal intrapulmonary portion. This anomaly 
has been associated with a variety of cardiac malformations. Both 
in our own series and those in the literature, there is a high incidence 
of an aortic arch on the side opposite to the absent pulmonary 
artery. However, at least two of our living cases show the arch 
and the apparently absent artery on the same side. 
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(b) An anomalous obliterated vessel running from the left innominate 
artery to the hilus of the left lung, continuous with patent, normally 
distributed, elastic intrapulmonary arteries. Evidence has been 
presented to show that the closed part of the vessel is an obliterated 
left ductus arteriosus. Almost certainly, the ductus portion may, 
on occasion, remain patent, as judged from the cases in the liter- 
ature, whether there is an absent right or left pulmonary artery. 


(c) A normally developed but small left lung, the size possibly secondary 
in part to the decreased blood flow. 
2. The embryologic aspects of the anomaly have been discussed. 


3. The physiologic and diagnostic aspects of absence of one or other branch 
of the pulmonary artery have been discussed and the importance of such 
absence in surgical operations involving occlusion of one branch of the 
pulmonary artery was emphasized. 
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THE CARDIOVASCULAR ASPECTS OF THE LOS ANGELES COUNTY 
MASS CHEST X-RAY SURVEY 


GEORGE JAconson, M.D.,* Maurice L. Liekts, M.D.,** AND 
CATHERINE HULL*** 


Los ANGELEs, CALIF. 


T IS accepted generally that the mass chest x-ray survey is a valuable case- 

finding method for tuberculosis. However, there is considerable divergence 
of opinion as to its value in the detection of cardiovascular disease.'-’ When a 
chest x-ray survey of Los Angeles County, the largest ever attempted in the 
United States, was to be conducted during 1950, it was realized that an unusual 
opportunity presented itself to study this problem. As a result the Los Angeles 
Heart Association appointed a committee to devise a program for the proper 
disposition and follow-up of those persons with abnormal cardiac silhouettes. 
The Chronic Disease Bureau of the California State Department of Public Health 
granted $40,000 to the Los Angeles Heart Association with the understanding 
that it was to: 

Establish and maintain an adequate system of follow-up of a maximum of 25,000 
persons who, as a result of findings in the Los Angeles County X-ray Survey, are suspected of 
having heart disease. 

*.. . To include within the follow-up system, procedures for the recall and interviewing of 
heart disease suspects; for the rechecking of suspected films by experts; for the referral of suspects 
to appropriate sources of medical care for definitive diagnostic study; and for the maintenance of 
follow-up records to determine whether they reach the appropriate physician or clinic to receive 


cardiac care which is indicated.” 


In order to effect this program a cardiac retake center was established which 
for reasons of economy and convenience was integrated with the X-ray Survey 
Foundation's retake center. Four public health nurses, four clerks, and a tech- 
nician were employed to staff this center and were responsible for the recalling 
and interviewing of all persons whose original films indicated possible cardio- 
vascular abnormalities. The original 70 mm. films taken by the mobile x-ray 
units were interpreted by the United States Public Health Service physicians. 
Those persons thought to have an abnormal cardiac silhouette were requested 
to return to the retake center for a second 70 mm. film. These films were segre- 
gated for the convenience of the cardiac review boards. Sufficient funds were not 
available for conventional 14 x 17-inch films, nor was it felt that these were 
absolutely necessary for proper evaluation. 

From the Departments of Radiology* and Medicine** of the School of Medicine, University of 
Southern California, and the Los Angeles County Hospital. 
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Health. 
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In the retake center a short, pertinent cardiac history was obtained by a 
public health nurse prior to the taking of the second 70 mm. film. An attempt 
was made to secure the name of the person’s private physician to whom a report 
of any abnormalities found on the confirmatory film might be sent and from 
whom a final diagnostic report might be obtained. All persons who did not 
come to the retake center in response to the first appointment letter were sent two 
additional follow-up letters, and finally, if possible, were contacted by telephone 
by one of the nurses. Of the 2,367 persons who did not report for second films, 
1,119, or approximately 47 per cent, had already sought private medical care, 
and 0.013 per cent had died. The remaining 52 per cent (1,217 persons) could 
not be interested in further x-ray study for various reasons. 

Under the supervision of William Paul Thompson, M.D., the confirmatory 
70 mm. films were interpreted by teams of experts, consisting of one cardiologist 
and one radiologist, which met three times a week. Approximately fifty qualified 
specialists participated in this portion of the program. The diagnostic criteria 
for interpretation were the same as those established by the United States Public 
Health Service: (1) definite abnormalities of cardiac size; (2) definite abnormali- 
ties of cardiac contour; and (3) definite abnormalities of the great vessels. No 
attempt was made to postulate an etiologic diagnosis from the minifilm. 

Those patients whose confirmatory films indicated the advisability of further 
study were referred directly to their private physicians or, lacking such, were 
notified to contact the Social Service Department either by telephone or in person. 
This department was composed of a stenographer, clerk, and two paid full-time 
and three volunteer part-time medical social workers. The following services 
were provided: 

1. Referral to private physicians from a list provided and approved by the Los Angeles 
Heart Association. 

2. Referral to a clinic if the person’s financial situation so necessitated. 

3. Consultation for persons coming to the retake center who expressed fear or concern 
regarding the suspected heart disease, or who had some other social or emotional problem which 
prevented their securing further medical care. 

4. Referral to an appropriate social agency for additional casework service when indicated. 

5. Referral of patients to social agencies or clinics at the request of private physicians. 

6. Follow-up of all cardiovascular suspects to determine whether they received further 


study as indicated and to secure final diagnostic reports from physicians and clinics. 


_ While the greater proportion of referrals for medical care (private physician, 
and free and part-pay clinics) was effected as a result of office interviews, a sub- 
stantial number were made by telephone. Disposition of patients responding 
to their first letter of notification was completed as promptly as possible and in 
general the only follow-up required in these cases was to make certain that the 
diagnostic report pertaining to each was returned to the cardiac retake center. 
The percentage of follow-through among this group, as compared to the group 
not responding to the first letter, Was not determined. 

Originally, those persons who did not report to the Social Service Depart- 
ment within one month after the routine letter of notification had been sent 
were contacted by telephone, home call, or personal letter by one of the medical 
social workers who offered to assist with the arrangement for further medical 
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examination. Because of the rapid increase in volume of these follow-ups, it 
became necessary to devise another procedure. Therefore, double-fold post 
cards, mimeographed and numbered serially so that the patient could be identified 
without his signature, were sent with the request that one-half of the card be 
checked appropriately and returned. When completed, these cards provided 
information as to whether patients had already secured medical care, or whether 
they wished help in arranging such care, and the name and address of the physi- 
cian or clinic. <A total of 2,687 of these post cards was mailed and 1,629 were 
returned. Additional follow-up efforts included 1,693 letters and 641 telephone 
calls to patients, and 1,609 letters and 722 telephone calls to doctors requesting 
diagnostic reports. In the final analysis, 881 patients were never satisfactorily 
contacted, and in addition 1,214 final diagnostic reports from physicians were 
not received. 

In addition to these patient services, the Social Service Department kept all 
the files and records and submitted monthly reports in coordination with those 
made by the records consultant for the Survey as a whole. Coding of all statis- 
tical material was done in this department with the close cooperation and guid- 
ance of a public health analyst from the Chronic Disease Bureau of the State 
Health Department. 

Before presenting the statistical material obtained as a result of this cardio- 
vascular program, it seems worthwhile to comment on some of the difficulties 
and problems encountered. Basically, all of these problems arose from a lack of 
sufficient planning as to what information was wanted from the Survey and how 
best to obtain it. This resulted largely from the swiftness with which the program 
was put into operation and, to some degree at least, probably was inherent in a 
mass survey where many groups in a community were asked to work together 
in a relatively short-term program. Specific difficulties arose from: (1) incon- 
sistent interpretation of certain questions on the original cardiac history, par- 
ticularly those pertaining to the patient’s current status of medical care and 
previous history concerning heart disease; (2) insufficient records at the onset of 
the Survey pertaining to cardiac follow-up; (3) poorly devised final diagnostic 
report form and inadequate instruction to the physician asked to fill it out. 


RESULTS 


A total of 1,736,703 satisfactory 70 mm. films were taken during the Los 
Angeles County Mass Survey (Table I). Of these 67,966 (38.7 per 1,000) showed 


TABLE I. CARDIOVASCULAR SUSPECTS ON FIRST SCREENING OF 70 MM. 
PHOTOFLUOROGRAPHIC FILMS 


NO. RATE PER 1,000 
Total 70 mm. survey films taken 1,755,001 
Total technically unsatisfactory 18,298 10.4 
Total satisfactory 70 mm. films 1,736,703 989 6 
Total essentially negative 1,668,737 950.8 
Total abnormal films 67 ,966 38.7 


Total cardiovascular suspects 10,899 6.3 
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abnormal findings. There was a total of 10,899 (6.3 per 1,000) that were consid- 
ered suspicious of cardiovascular disease. Most of these had cardiovascular 
abnormalities only; others had tuberculosis, neoplasm, or other chest diseases 
aS a primary screening impression in addition to evidence of cardiovascular 
disease (Table I1). 


TABLE II. DrtaGnostic CATEGORIES COMPRISING CARDIOVASCULAR SUSPECTS* 


CATEGORY OF FINDINGS NO. RATE PER 1,000 
Cardiovascular only 10,303 5.9 
Tuberculosis and cardiovascular 201 0.1 
Neoplasm and cardiovascular 167 0.1 
Other chest disease and cardiovascular 228 0.1 
Total 10,899 6.3 


*These are the primary screening film impressions from which the cardiovascular suspects were 
obtained. 


The race distribution of the cardiovascular suspects was: white, 5.9 per 
1,000; Negro, 13.8 per 1,000; Latin American, 6.0 per 1,000 (Table III). Thus 
the incidence of cardiovascular suspects was twice as great among the Negroes 
as in other racial groups. A similar finding was reported by Rutstein and his 


group.’ 
TABLE III. RACE oF CARDIOVASCULAR SUSPECTS 


RACE NO. RATE PER 1,000 

White 9 066 5.9 
Negro 1,180 13.8 
Latin American 543 6.0 
Oriental 90 

Other 8} 7.1 
Unknown 12 

Total 10,899 6.3 


In the total survey population there were 47.9 per cent males and 52.1 per 
cent females. Among the cardiovascular suspects there were almost twice as 
many females (7.8 per 1,000) as males (4.6 per 1,000, Table [V). The distribu- 
tion of the cardiovascular suspects by age and sex is shown in Table V and Fig. 1. 


TABLE IV. SEX oF CARDIOVASCULAR SUSPECTS 


SEX NO. RATE PER 1,000 
Male 3,790 4.6 
Female 7,109 7.8 


Total 10,899 6.3 


| 
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Fig. 1B.—-Cardiovascular suspects by age and sex. 
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TABLE V. CARDIOVASCULAR SUSPECTS BY AGE AND SEX 


BOTH SEXES | MALE | FEMALE 
AGE GROUP 
RATE PER RATE PER RATE PER 

NO. 1,000 NO. 1,000 NO. 1,000 
Under 15 115 4.5 41 3.6 74 ee 
15-24 1,323 3.9 463 2.8 860 4.9 
25-34 1,541 ee 492 2.5 1,049 4.9 
35-44 1,710 4.7 541 3.1 1,169 6.1 
45-54 8.2 722 1,499 10.4 
55-64 2,190 11.9 800 9.7 1,390 | 13.8 
65-74 1,393 14.2 570 13.0 823 1$.2 
75 and over | 388 14.0 154 33 234 16.3 
Unknown 18 3.7 7 3.0 11 4.3 
Total | 10,899 | 6.3 3,790 4.6 7,109 7.8 


All the cardiovascular suspects were recalled to the retake center for a con- 
firmatory 70 mm. film; 8,532 (78.3 per cent) returned, and 2,367 (21.7 per cent) 
did not return for this examination (Table VI). There was no difference in the 
percentage of males and females returning for confirmatory films. A definite 
diagnosis of heart disease was obtained in 113 (1 per cent) individuals who went 
directly to their private physician. It was learned that an additional 1,006 
(9.2 per cent) were under medical care but no diagnoses were given by the physi- 
cians. Thirty-one patients died before a confirmatory film could be obtained. 
No information could be obtained concerning the remaining 1,217 (11.2 per cent) 
individuals. 


TABLE VI. RESPONSE TO REQUEST FOR CONFIRMATORY 70 MM. FILM 


RESPONSE NO. (%) 

Returned for confirmatory film 8,532 78.3 
Male 2,926 77.2 
Female 5,606 78.9 

Did not return for confirmatory film 2,367 21.7 
Male 864 22.8 
Female 1,503 20:3 


Diagnosis of heart disease obtained 
from physician 113 1.0 


No diagnosis of heart disease obtained, 


patient under care 1,006 9.2 
No diagnosis obtained, not known 
whether patient under care 1.207 1.2 


Died before confirmatory film obtained 31 | 0.013 


Total 10,899 100.0 | 


| 
| 

| 
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The confirmatory films were reviewed by groups of experts who found that 
1,853 (21.7 per cent) showed no significant cardiac abnormality. This included 
128 individuals with dextrocardia (Table VII). Of those individuals having 
positive film findings, 95.1 per cent had evidence of cardiovascular disease alone, 
and 4.3 per cent had evidence of cardiovascular disease associated with other 
significant abnormalities (Table VIII). 


TABLE VII. D1aAGNostic IMPRESSIONS OF CONFIRMATORY FILMS OF CARDIAC SUSPECTS 


NO. (%) 
Essentially negative 1,853 21.7 
Dextrocardia and other conditions not significant for follow-up 128 -. 
Abnormal, significant for follow-up 6,551 76.8 
Total 8,532 100.0 


TaBLeE VIII. SumMMARY OF CONFIRMATORY FILM IMPRESSIONS 


POSITIVE 
CONFIRMATORY | CONFIRMATORY 


NO. IMPRESSIONS IMPRESSIONS 
(%) (%) 
No cardiovascular abnormality 1, 981f 23.2 
Positive confirmatory film impressions 6,551 76.8 100.0 
Cardiovascular only 6,226 95.1 
Cardiovascular and neoplasm 56 0.9 
Cardiovascular and tuberculosis 46 0.7 
Cardiovascular and other 173 2.6 
Other combinations of above 9 0.1 
Other findings* 41 0.6 
Total 8,532 100.0 


*Neoplasm, tuberculosis or other chest pathology findings without cardiovascular abnormality 
mentioned. 
tIincludes 128 dextrocardias. 


Table IX lists the type of medical practitioner or the agency to which the 
persons with positive confirmatory films were referred. At the onset of the 
survey anxiety was expressed that the cardiovascular program might place a 
burden on the medical facilities of the community welfare agencies. Therefore 
it is of considerable interest that 90.8 per cent of the referrals were made either 
to a private practitioner or a private hospital. There were 881 individuals (14 
per cent) who could not be contacted for referral. It was possible to obtain 4,456 
final reports (78.6 per cent) from physicians out of a total of 5,670 referrals. The 
distribution of the sources of the final reports was not significantly different from 
that of the referrals (Table X). These reports substantiated the confirmatory 
70 mm. film as to the presence of cardiovascular disease in 3,388 instances (76.2 
per cent, Table XI). 
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TABLE IX. Type oF MEDICAL PRACTITIONER OR AGENCY TO WHICH PATIENT WAS REFERRED* 


TYPE OF PRACTITIONER OR AGENCY 


Private physician, M.D. 
Private physician, D.O. 
Private physician, D.C. 
Private practitioner, other 
Private practitioner, unknown 
Health department clinic 
County hospital or clinic 
Military hospital or clinic 
Private hospital or clinic 
Other 

Unknown 
Total—referrals made 
No referral made 


Total 


*Patient referred to physician of his or her own choice. 


NO. | (%) 
3,838 67.7 
559 9.9 
76 
11 0.2 
243 4.3 
53 0.9 
337 5.9 
41 0.7 
380 6.7 
106 1.9 
26 0.5 
5,670 100.0 
881 
6,551 


TABLE X. SOURCE OF FINAL REPORT 


SOURCE OF FINAL REPORT 


Private physician, M.D. 
Private physician, D.O. 
Private physician, D.C. 
Private practitioner, other 
Private practitioner, unknown 
Health department clinic 
County hospital or clinic 
Military hospital or clinic 
Private hospital or clinic 
Other 
Death certificate 
Unknown 
Total—reports received 
No report received 
No referral made 
Referral made 


Total 


NO (%) 
3,203 71.9 
467 10.5 
60 1.4 
2 0.1 
99 2.2 
38 0.8 
192 4.3 
32 0.7 
250 5.6 
53 
10 0.2 
50 
4,456 100.0 
2,208 
881 
1,327 
6 ,664* 


*Includes 113 persons who did not report for a confirmatory film, but for whom a final diagnosis 


was obtained. 


TABLE XI. CONFIRMATION OF CARDIOVASCULAR DISEASE BY PHYSICIANS’ DIAGNOSTIC REPORTS 


Total final reports received 
Reports in which heart disease was confirmed 
Reports in which heart disease was not confirmed 


NO (%) 

4,456 100.0 
3,388 76.2 
1,068 23.8 
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Che etiology of the confirmed heart disease with age and sex distribution 
is shown in Tables XII and XIII, and Fig. 2. As might have been anticipated 
the etiologic distribution of confirmed heart diseases approximates that reported 
in other surveys. It is known that rheumatic heart disease occurs two to three 
times more olten in temales than in males. A similar incidence was noted in the 
present survey However, in spite ol the tact that arteriosclerotic heart disease 
occurs much more frequently in males than females, the incidence of this disease 
in this survey was the same in both sexes. As in the cardiovascular suspects, 
there were almost twice as many temales (2.4 per 1,000) with heart disease con- 


firmed by physicians’ reports as males (1.5 per 1,000), and in both groups the sex 
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survey population, 10.6 per cent of those with positive confirmatory 70 mm. films, 
and 20.6 per cent of the individuals with heart disease confirmed by physicians’ 


reports. 


TABLE XV. EtTIoLoGy oF CARDIOVASCULAR DISEASE DISCOVERED AS A RESULT OF THE SURVEY 


NO. RATE PER 1,000 
Arteriosclerotic 174 0.1 
Rheumatic 114 0.1 
Hypertensive 248 0.1 
Syphilitic 37 <0.1 
Congenital 28 <0.1 
Other (including type unspecified) 167 0.1 
Combinations (not included above) 5 <0.1 

773 0.4 


Total 


It was possible to obtain a final diagnosis as to the presence or absence of 
heart disease in 61.3 per cent of those patients who had evidence of cardiovascular 
abnormality on the confirmatory films (Table XVI). Only 2.6 per cent of those 
with positive confirmatory films actively resisted medical care. However, 23 
per cent were not referred for medical care because they either could not be 
located because of wrong addresses, did not respond to follow-up letters, etc. 
201 additional final diagnostic reports were received too late for tabulation. 


TABLE XVI. Status or PERSONS WitH CARDIOVASCULAR DISEASE 
CONFIRMED ON SECOND 70 MM. FILM 


NO. 
Final diagnosis made 4,091 61.3 
Resisted medical care 176 2.6 
Died after confirmatory film* 53 0.8 
Unable to locate and no response 1,527 23.0 
Under study at close of surveyt 817 2.3 

6,664 100.0 


Total 


*Includes ten persons for whom a death certificate was obtained which mentioned cardiovascular 


disease. 
t201 additional reports received too late for inclusion in tabulations. 


In addition to the 697 patients with previously unknown heart disease, 
there were 710 patients with previously known cardiovascular disease who were 
returned to medical care. A total of 1,407 patients with cardiovascular disease 
was brought under or returned to medical care as a result of this survey (Table 
XVII). This group represents 0.08 per cent of the entire survey population, 
21.2 per cent of those persons who had positive confirmatory 70 mm. films, and 
41.3 per cent of the patients with heart disease as confirmed by final diagnoses. 
The majority (53.6 per cent) of patients with cardiovascular disease confirmed by 
reports from physicians were under medical care at the time of the survey. 
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TABLE XVII. Cases oF CARDIOVASCULAR DISEASE DISCOVERED OR BROUGHT 
UNDER MEDICAL CARE AS A RESULT OF THE SURVEY 


NO. RATE PER 1,C00 

Previously unknown cardiovascular disease 697 0.4 
Previously known cardiovascular disease—returned to 

medical care 710 0.4 
Previously known cardiovascular disease—not returned to 

medical care 90 0.1 
Under medical care for cardiovascular disease at time of 

survey 1,818 1.0 
Unknown or not stated 73 <0.1 
Total 3,388 2.0 


In addition to the cost of the general survey, $40,000 was expended in the 
cardiovascular program. This program disclosed 697 persons with previously 
unknown heart disease at an additional cost of $58.10 per case. The additional 
cost of bringing each of the 1,407 individuals under medical care was $29.08 per 


case (Table XVIII). 


TABLE XVIII. Cost or CARDIOVASCULAR PROGRAM 


Total expenditures $40,000.00 
Previously unknown cardiovascular disease* 697 cases $58.10/case 
Brought under or returned to medical care* 1,407 cases $29 .08/case 


*This is in addition to the cost of each original 70 mm. survey film which was $0.75. 


DISCUSSION AND SUMMARY 


While it is clearly recognized that roentgenology of the chest is not the 
best cardiac case-finding method, the recognition of cardiovascular disease is an 
integral part of any mass chest x-ray survey. Some plan for the disposition of 
patients with abnormal cardiovascular silhouettes must be established by any 
community contemplating such a survey. 

In a survey such as this, every effort should be made to avoid suggesting the 
presence of heart disease where none exists. On the initial screening of the 
miniature films, 6.3 per 1,000 were suspected of having cardiovascular abnormali- 
ties. Reinterpretation by a board of experts, consisting of a radiologist and 
cardiologist, eliminated 23.2 per cent of these original suspects. Other com- 
munities have had the same experience indicating the necessity for re-evaluation 
of the miniature films by more highly trained physicians if unnecessary expense 
and anxiety to a fairly large group of individuals are to be avoided. 

Many cardiologists question the value of a program which goes beyond in- 
forming the patient of a suspected cardiovascular abnormality and advising him 
to seek medical care. An adequate follow-up program is not only expensive but 
entails considerable effort and the close cooperation of many individuals, medical 


groups, and civic organizations. Many patients do not have their own physicians 
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and must be referred to one from a panel chosen by the local medical society while 
others must be referred to part-pay or free clinics. A system must be established 
whereby the physician or clinic reports as to whether or not the patient has been 
seen. Those patients who do not keep their appointments then have to be con- 
tacted, in many cases more than once, either by telephone or letter, in an effort 
to get them to their physicians. Obtaining final diagnostic reports from physi- 
cians involves considerable additional effort. Without adequate clerical and, 
in particular, social service personnel such a program is impossible. 

The results of the cardiovascular program carried on in conjunction with 
the Los Angeles County Mass Chest X-ray Survey are summarized in Table XIX. 


There were 1,736,703 satisfactory 70 mm. films taken in the entire survey. Of 


these 6.3 per 1,000 were suspected of having cardiovascular disease. The group 
of experts who reviewed the confirmatory 70 mm. films taken of this group found 


that 23.2 per cent of these individuals had essentially normal cardiovascular 


silhouettes. A diagnosis of heart disease was confirmed in 76.2 per cent of the 
patients who were referred for medical care and for whom final diagnostic reports 
were received. 


TABLE XIX. SUMMARY 


RATE PER 
NO. 1,000 (%) 

Total satisfactory survey films 1,736,703 
Total abnormal films 67 ,966 39.1 
Total cardiovascular suspects 10,899 6.3 100 
Returned for confirmatory 70 mm. film 8,532 4.9 78.3 100 

Abnormal, significant for follow-up 6,551 3.8 76.8 100 

Essentially negative 1,981 1.1 23.2 
Patients referred for medical care 5,670 3.3 86.5 100 

Referred to private care 5,148 3.0 90.8 
Referred to other than private 
care 522 0.3 9.2 

Patients not referred for medical care 881 0.5 13.5 
Final diagnostic report received 4,456 2.6 78.6 100 

No heart disease 1,068 0.6 23.8 

Final diagnosis of heart disease 3,388 2.0 76.2 100 
Previously unknown heart disease 697 0.4 10.6 20.6 
Previously known heart disease 

brought under medical care 710 0.4 21.0 
Previously known heart disease under 

medical care at time of survey 1,818 1.0 53.6 
Total patients brought under medical 

care as a result of survey | 407 0.8 21.2 41.6 


The incidence of detectable heart disease in Negroes was twice that expected 
on the basis of the total survey population, and similarly the incidence of cardio- 
vascular disease detected by the survey in females was almost twice that in males. 

There were 697 (0.4 per 1,000 of the survey population) cases of previously 
unknown heart disease found in the survey and 1,407 (0.8 per 1,000 of the survey 
populatioh) patients who were brought under or returned to medical care. These 
groups represent 20.6 and 41.6 per cent, respectively, of those patients in whom 
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a final diagnosis of heart disease was obtained and 10.6 and 21.2 per cent, respec- 
tively, of those whose confirmatory films were considered significant for follow-up. 

It should be emphasized that of the cardiac suspects who were referred for 
further follow-up care, 90.8 per cent received that care through private medical 
sources. Only 9.2 per cent of the patients were referred to the Los Angeles County 
Hospital or other public medical services. Contrary to what had been antici- 
pated, the cardiovascular program imposed no additional hardship or burden on 
the already overtaxed facilities of either the County Hospital or other similar 
medical agencies. 

In the final analysis, the value of a program such as this must be based not 
only on the number of individuals benefited but also on the cost involved. A cost 
of $58.10 for each case of previously unknown cardiovascular disease found and 
$29.08 for each patient brought under or returned to medical care does not seem 
excessive. This is in addition to $0.75 for each of the original 1,755,001 survey 
films and does not include any charges for the volunteer services of both medical 
and nonmedical personnel. 

The amount of money and effort that may be expended justifiably, consider- 
ing the relatively small number of individuals benefited, will depend largely on 
the funds available and the attitude of the community concerned. 


A great number of individuals were responsible for the success of this survey, and we regret 
that it is impossible to thank each by name. We are particularly grateful to Mr. Acton Barnes 
of the Los Angeles Tuberculosis and Health Association; Dr. Lester Breslow, Dr. Benno K. 
Milmore, and Mrs. Penny Rasmussen of The Bureau of Chronic Diseases, Department of Health, 
State of California; and the United States Public Health Service. 
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EPIDEMIOLOGIC ASPECTS OF BLOOD PRESSURE AND ITS 
RELATIONSHIP TO DIET AND CONSTITUTION WITH 
PARTICULAR CONSIDERATION OF THE CHINESE 


SOME 


A REVIEW OF THE PERTINENT LITERATURE OF THE Past 40 YEARS 


FRANK W. LOWENSTEIN, M.D. 


FLUSHING, N. Y. 


ITERATURE on high blood pressure in its various aspects presents a wealth 

~ of information today. If one is looking, however, for reliable data on 

physiologic blood pressure as it occurs in different groups of people in various 

parts of the world, there is a dearth. Whatever data exist are scattered through- 

out the medical and anthropological literature. Much of this information is 
sketchy and cannot be used for statistical evaluation. 

An attempt will be made here to present a summary of the available litera- 
ture on blood pressure levels in various groups of Chinese people with particular 
attention to epidemiologic data and methodology. Thereafter, a statistical 
evaluation of some of the differences in mean blood pressure levels found in the 
literature reviewed will be made. In searching for an explanation of these differ- 
ences, various intrinsic and extrinsic factors will be discussed in their relationship 
to blood pressure levels; among the former are age, height, weight and body 
build. Diet will be the only extrinsic factor discussed. 

There are a number of papers, most of them published between 1920 and 
1937, dealing with measurements of blood pressure in various groups of the 
Chinese people in different parts of China. The total number of people examined, 
as gathered from the papers reviewed,'-'’ up to 1937 had been about 23,000, an 
extremely small number among a population of at least 400 million (roughly 
0.005 per cent). Outside of China only one small group of 239 Chinese people 
living in Montreal, Quebec, had been examined in 1934" and a few students in 
Minnesota in 1933." A breakdown of a total of 19,064 people, for whom age 
and sex distribution data are available, is found in Table I. 

More than 99 per cent of the people examined were below the age of 55, 
75 per cent between the ages of 14 and 40. The sex distribution is very unequal: 
20,499 males to 1,539 females; this number includes in addition to the above 
total 2,159 males and 815 females on Formosa. This is a ratio of 92 per cent 
males to 8 per cent females. The occupational distribution of 17,853 people in 
China, the total for whom such data are available, is shown in Table II. 
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TABLE I 
AGE GROUP TOTAL NUMBER MALI FEMALE 
Below 14 198 191 7 
14-19 1,635 1,589 46 
20-24 2,594 2,434 160 
25-29 4,785 5,584 201 
30-34 4,207 4,103 104 
35-39 2,912 2,838 74 
40-44 1,548 1,478 70 
45-49 829 790 39 
50-54 290 273 17 
55-59 62 58 6 
60-64 2 2 0 
65-69 2 2 0 
Total 19,064 18,340 724 
TABLE II 
OCCUPATIONS APPROX. TOTAL 
Students 1,559 
Merchants 
Professionals 7.000 
Coolies 798 
Clerks 126 
Technicians 62 
Hunters, peasants, etc. 398 
Total 17,853 
Unclassified 1,336 


From this it follows that more than 90 per cent of these 17,853 people in 
China belonged to the upper socioeconomic class, being merchants and pro- 
fessionals, who were able to buy life insurance between 1924 and 1935. Only a 
very small percentage of the Chinese people was able to buy life insurance during 
that period. Approximately 9 per cent of these 17,853 people have been students 


on both the undergraduate and graduate level. Less than 5 per cent have been 


classified as coolies representing the lowest economic strata. Among the 239 
Chinese examined in Montreal, Quebec, in 1934, 42 per cent were laundry work- 
ers, 15 per cent cooks, 13 per cent merchants, and less than 10 per cent restaurant 
owners. 

In regard to the technic used by the various investigators (Table III) in 
taking and recording their blood pressure measurements, the available data are 
very scanty. All authors apparently used the auscultatory method. Out of 
five authors reporting which arm they used in their subjects, four used the right, 
and one the left arm. Position of the subject, whether reclining or sitting, is 
mentioned by almost all investigators, namely ten, four took the measurements 
with their subjects in the reclining position and six in the sitting position. Only 
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one author mentions that he took his measurements after his subjects had rested 
for at least 20 minutes. Uniformity seems to exist in recording the blood pressure. 
Every author reports that he had read the systolic pressure at the so-called first 
phase of the cardiac cycle, i.e., when the first clear sound reappears after having 
inflated the cuff well above the level of disappearance of all sounds. The diastolic 
pressure has been read at the so-called fourth phase, i.e., when the clear sound 
changes its character to muffled after deflating the cuff. Eight authors mention 
the time of the day when their measurements were taken: three took their 
readings in the forenoon, five in the afternoon. Only one investigator after one 
year did a follow-up in 100 of his subjects’: 30 per cent showed no change, 49 
per cent a decrease of 5 mm. Hg or more, and 21 per cent an increase of 5 mm. Hg 
or more at the second examination. About 50 per cent of the changes affected 
both phases, systolic and diastolic; more than 30 per cent affected the systolic 
pressure only. 

As to the time of the year used for their observations: three times as many 
observations have been made between April and October as during the winter 
months. Only three authors mention that they observed no seasonal variation 
in their blood pressure levels; none of the remaining authors mentions this 
question. 

In comparing the mean blood pressures of the various Chinese groups with 
the blood pressure levels of corresponding groups in the U. S. A. the standards 
used for comparison by the different authors are derived mainly from three 
sources."-" [In the papers by Symonds, Alvarez, and Woley™-” one finds that 
measurements have been reported for a total of 166,419 people in these three 
papers, almost eight times as many as in China. (This is still only 0.1 per cent of 
the total population of the U. S. A.) The age range is 15 to 65 (with approxi- 
mately one-third between 25 and 34, and about 1 per cent 60 years and over). Al- 
though no exact figures are given on sex distribution, it is apparent that more than 
90 per cent of the total examined were males. In regard to their occupational 
distribution all that can be said is that 151,419, or over 90 per cent, constituted 
healthy life insurance applicants whereas the remaining 9 per cent were students 
(freshmen at the University of California). 

The technique used by the three authors differs considerably: the readings 
on the 151,419 life insurance risks have been taken with the subject sitting, while 
the students have been examined in the reclining position. Woley and Alvarez 
used the palpatory and auscultatory method, however, the latter only in 66,000 
subjects examined between 1916 and 1919. The readings have been recorded 
at the first phase for the systolic and the fourth phase for the diastolic pressure. 
No follow-up has been recorded in any of these groups. No mention has been 
made of the season or time of day when measurements had been taken. 

From the foregoing it becomes apparent that the data taken from the 
American authors do not represent good standards for comparison with the 
Chinese data. First, the techniques used are quite different. The majority of 
the American data up to 1922 are based on the palpatory method, whereas all 
the Chinese data are based on the auscultatory method. ‘Comparative tests 
by the two methods indicate that systolic pressures determined by the ausculta- 
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tory method are usually 5-15 mm. higher than they are by the palpatory 
method’’® (p. 65). Secondly, the various groups examined in the U. S. A. and 
in China are not strictly comparable because of their different socioeconomic 
level. Thus it appears, if one would like to make a comparison between two 
groups in spite of the aforementioned shortcomings that the students should 
represent the best comparable groups, the life insurance applicants the second 
best. 

In Table IV are summarized the results of a statistical evaluation of the 
differences found in mean systolic blood pressure values between specific age 
groups of some Chinese and American students. Among the University of 
California freshmen, Alvarez took his measurements by the palpatory method 
with his subjects in the reclining position, whereas Kilborn with the West China 
University students used the auscultatory method with his subjects in the sitting 
position. If these differences in technique did not exist the difference in blood 
pressure levels between the two groups would be even greater for the following 
reasons: readings taken in the reclining position and by the palpatory method 
tend to be lower than readings taken in the sitting position and by the ausculta- 
tory method. 

No significant tests could be made in comparing the pressure levels of the 
largest groups examined, the life insurance risks, because no distribution data 
of blood pressure levels had been given by the authors. 

The next question presenting itself is: What causes considerable differences 
in blood pressure levels between Chinese and Westerners? Two factors stand 
out among several others mentioned by every investigator in China. One is 
diet, as an important factor in the environment which will be dealt with later on, 
and the other is the mental attitude or philosophy reflecting a state of society 
where there is much less stress producing competition and aggressiveness. An- 
other important factor affecting blood pressure levels is the age-weight-height 
relationship, largely determined by the hereditary constitution of the individual. 
It appears from the literature covering various geographical areas!*.>.9.1!.14,16-18 
that the systolic as well as the diastolic blood pressure levels increase with age 
from early infancy to young adulthood where they may remain stationary or 
even decrease slightly during the third decade. After the third decade the levels 
of both pressures start rising again up to the end of the seventh decade.***6 
After that, data which had become scant because of the lack of subjects studied 
seem to indicate another leveling off. This correlation between age and blood 
pressure levels, however, seems to occur only in urbanized population groups in 
Asia, Europe, and America, while it does not seem te exist among the primitive 
groups examined in Asia, Africa, and America.*:*:'’?* However, only a very 
small number of some of these primitive groups have been studied who were 
all living as hunters, shepherds, or fishermen on a nomadic or seminomadic level. 
The number of older people examined, past the age of 45,is probably too small 
to have statistical meaning. The people in the older age groups of those primi- 
tives showed a definite fall in blood pressure levels as compared to the age groups 
of 20 to 40. Robinson and Brucer,* however, have shown in their series of 
7,478 males in the Chicago area that, if they eliminated all persons with pressures 
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over 140 systolic and 90 diastolic, the mean blood pressure of the remaining 
6,485 males does not rise with age. This is similar to the findings in the primitive 
groups, although the levels may still be higher in the various age groups. This 
holds only for males; females do show a definite rise of their pressure levels with 
age, even in the “‘normalized’’ groups. All the studies mentioned are cross 
sectional and not longitudinal as might be desirable for further clarification of 
the age relationship with blood pressure. 

In regard to height and its relationship to blood pressure levels, the evidence 
from the literature shows a positive correlation during the period of growth and 
development of the individual.':'*"7*5 In the adult, however, this correlation 
becomes less well established as some excellent studies indicate.'?:!5.*?.*5.26,29,30,31 

Weight, on the other hand, seems to carry its positive relationship with blood 
pressure levels from infancy throughout adulthood as attested by many investi- 
gations.!?-10.16-18,22.24.25.27-39 However, more recent studies have shown that the 
correlation between weight and blood pressure levels is actually a correlation 
between body build and blood pressure levels. Only certain body types, the 
so-called lateral or broad build (endo-mesomorphic according to Sheldon) type 
will put on considerable amounts of weight during any time of their life, whereas 
the linear, slender ectomorph will show very small variations in his weight 
throughout his life. In this connection mention should be made of errors in 
measuring the blood pressures of obese people due to the use of standard cuffs 
which are usually too small for obese people. Readings tend, therefore, to be 
higher in obese people than they really are.®° 

If one tries to apply these findings to our problem one might ask the question 
whether the differences in blood pressure levels found between Chinese and 
American students could be explained simply by differences in body build? There 
is evidence showing the mean height and weight in corresponding age groups 
to be definitely lower in the Chinese than in the Americans.**7*> In regard to 
body build only one study on 150 students, nurses, and doctors at Peiping Union 
Medical College is available, showing the great majority (137 of 150) belong to 
the linear body type in both sexes, only one belonged to the lateral build and 
twelve were intermediate. One study on a group of 100 mental patients in 
institutions in Peiping by Stevenson showed 99 per cent of these patients to 
belong to the so-called leptosome type according to Kretschmer. This leptosome 
would correspond to the linear- or ectomorph-build type mentioned previously. 
In view of the highly selected sample this study has certainly no application to 
the general population in China or even in Peiping, if consideration is given to 
the regional differences existing between North and South China. 

In this connection one other constitutional factor deserves mention which 
may have some bearing on blood pressure levels in males. This is the greater 
amount of “femaleness’’ as found in the Chinese male by several authors.*’-” 
Femaleness in this connection refers mainly to the amount and distribution of 
body hair. The differential in blood pressure levels between males and females 
under 45 appears fairly well established.**:**%.4 Females seem to have sig- 
nificantly lower pressures than males up to age 45. In children, however, this 
may not be the case. This appears to be true also in China as far as one can tell 
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from the paucity of data on females. Whether the greater ‘‘femaleness’”’ of the 
Chinese male may account in part for his lower blood pressure levels remains an 
interesting speculation at this time. If this was so, it would not explain why the 
same differential seems to exist between the pressure levels of the Chinese male 
and female which exist in the Caucasian. One would expect rather a narrowing 
or even disappearance of this differential, if ‘‘femaleness’’ was a factor. 

From the foregoing it becomes apparent that the evidence available does 
not suffice to explain the differences in blood pressure levels between Chinese 
and American groups simply on the basis of differences in height and weight or 
body build. 

Diet as one of the most important factors in the environment may affect 
blood pressure levels in two ways: first indirectly through its influence on the 
weight aspect of the body build and secondly directly through the effect of one 
or several nutrients on the blood pressure. The foregoing remarks about the 
relationship between body build and blood pressure explain easily the first indirect 
effect of diet on blood pressure levels and need no further elaboration. 

In regard to the second or direct effect of diet there are only very few investi- 
gations available where the authors have tried to make diet as a whole the main 
variable. There are two papers by German authors,”'* showing that a vege- 
tarian diet coincided with significantly lower blood pressure levels than a mixed 
diet (meat, fish, fowl) in comparable groups of people (monks). The other paper 
deals with blood pressure levels in 60 meatless and 6 meat-egg-dairy-less vege- 
tarians as well as 40 alcoholics who also smoked. All levels except those of the 
last group were well below various European and American standards of that 
period (1930). Guenewardene’s*®’ findings in four different groups of males 
between the ages of 30 and 70 in Ceylon seem to confirm the results of the German 
authors inasmuch as the group of rickshaw men on a rice-vegetable diet had the 
lowest pressure, the meat-eating Moslems had the highest pressures. There are, 
however, other factors such as differences in the amount of exercise and the 
amount of food eaten which may play an important part in determining the blood 
pressure levels of these groups. 

That blood pressure levels can be low also on an almost 100 per cent meat 
diet has been shown by Thomas* in his examination of 142 Eskimos in Greenland 
aged 40 to 60, with a mean blood pressure of 129/76. Ganssiein (as quoted by 
Bock *’) observed marked changes in the peripheral capillaries of the vascular 
system in normal subjects changing from a complete meat diet to a complete 
vegetarian diet. It would be interesting to find out whether those same 
changes occur in Eskimos, for instance. 

A paper by Donaldson** shows a possible sound approach to an experimental 
investigation in human beings of this important relationship. However, the 
experimental data presented are based on the findings in only five students 
observed over 5 weeks. Whether the changes in blood pressure levels observed 
by this author when his subjects changed from a vegetarian diet to a mixed diet 
(meat) are significant appears questionable. There are observations by other 
authors, Newburgh, McClellan and DuBois as quoted by Bishoff*® on one and 
two experimental subjects, respectively, on extremely high-meat diets who showed 
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no significant changes in the blood pressure levels of these subjects in spite of 
definite kidney damage in Newburgh’s subject who ate 337 grams of protein 
derived from beef and veal daily with a large proportion derived from liver. 
Other authors (Squier and Newburgh,*' Mosenthal, as quoted by Bishoff,5° 
Strouse and Kelman®) have confirmed these findings in a few normal and larger 
groups of patients. In experimental animals (rabbits) Nuzum® and co-workers 
have been able to produce increased blood pressure levels with extensive arterio- 
sclerosis by feeding them various excessive protein diets for 2 years. A liver diet 
produced the highest blood pressure levels and the most advanced changes show- 
ing that the kind of protein seems to be of importance in producing the reported 
changes. 

The only other nutrient studied extensively in relation to blood pressure is 
sodium chloride; however, most of the investigations in human subjects have 
been carried out in hypertensive persons with a minority of hypertensives showing 
a definite fall in their blood pressure levels after sodium restriction. In the rat 
the experimental evidence on the correlation between sodium level of the diet 
and blood pressure levels is much more evident than in any other animal includ- 
ing man. Rats respond also to other dietary imbalances with rises in blood pres- 
sure levels, e.g., diets low in riboflavin®’ or high in tyrosine. Finally, the im- 
portant experimental work by Best and Hartrof** should be mentioned showing 
that a deficiency of choline in the diet of recently weaned rats lasting only a few 
days may lead to severe hypertension with cardiovascular renal disease later in 
life. 

Before any conclusions are drawn from the literature reviewed it should be 
pointed out again that the information contained in many of these papers is 
sketchy and incomplete in regard to such details as methods of measurement, 
time of measurement, person who took measurements, etc. The lack of this 
detailed information does indeed make the comparability of the results of the 
various investigators questionable. With this limitation in mind it may be said 
in conclusion that it is evident that blood pressure levels in the individual are 
determined to a certain extent by two general factors: one is constitutional 
possibly determined by heredity and expressed in the body-build type with its 
potential of growth in three dimensions, the other environmental influenced by 
nutrition from, or possibly even before, birth. The influence of this second factor 
has been much less explored than the first one and offers a wide open field for 
investigation. 
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DISSECTION OF THE VECTORCARDIOGRAM: DIFFERENTIAL 
VECTORCARDIOGRAPHY 


HERMAN K. HELLERSTEIN, M.D., DENMAN SHAW, PH.D., AND 
Toyomi Sano, M.D.* 


CLEVELAND, OHIO 


VECTORCARDIOGRAM is a record of the electrical activity of the heart 

during a complete cycle and consists of four basic components: P and QRS 
loops representing atrial and ventricular activation, and Ta and ST-T loops 
representing atrial and ventricular recovery (repolarization), respectively. Vec- 
torcardiograms may be obtained by reconstruction from orthogonal leads or by 
synthesis by a cathode-ray oscilloscope. The former method is tedious and 
impractical and requires multichannel recorders. The vectorcardiograms ob- 
tained with the cathode-ray oscilloscope have in general not been satisfactory 
because of photographic difficulties in distinguishing the individual characteristics 
of the component four loops. Because the heart beat is a repetitive cycle, the 
cathode-ray beam returns to the isoelectric point (origin of the vector loop) for 
a large part of the heart cycle, producing fogging in this area. The intimate 
details of the origin and termination of the various loops! are obscured especially 
by the slow inscription of the ST-T loop and the long duration of the T-P interval 
during which the beam is near the origin of the loop. 

Four approaches have been employed to overcome these difficulties: (1) 
cinematography, (2) electrovectorcardiographic method of Milovanovich, (3) 
selective unblanking, and (4) selective dimming of the beam intensity. The 
method of cinematography is expensive, not practical, and the separation of the 
component loops is haphazard. In addition, it is rather inconvenient to measure 
the various areas and the angles between the ioops from film strips. In the second 
method? the photographs are made during the horizontal movement of the film, 
while a loop is inscribed. By this maneuver, the QRS loop is uncoiled, revealing 
the direction of the loop. However, there is considerable distortion of the QRS 
loop. This method is not applicable to the definitive study of the P and ST-T 
loops. The third method, differential vectorcardiography, was introduced by 
Briller and associates in 1950.° Their special apparatus was designed to separate 
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and record the P, QRS and T loops without distortion. Their apparatus con- 
sisted of a three-channel amplifier, a synchronized timing unit, a special dual- 
beam cathode-ray oscilloscope, a modified electronically operated camera, and a 
three-channel direct-writing recorder. Briller and his associates have not yet 
reported their subsequent experience with this apparatus. A fourth method, 
dimming of the intensity of the beam during slow movement or intensification 
during fast movement (inscription of the QRS), permits a brighter picture of the 
ORS loop but does not isolate the component loops.‘ 

In view of the importance of obtaining separated components of the vector- 
cardiogram, the present authors have developed ‘‘an electrical dissector’’ (selective 
blanker or unblanker) which can be used with commercially available apparatus, 
cathode-ray oscilloscopes, preamplifiers, ordinary camera, and a single-channel 
direct-writer. The other advantages and disadvantages will be discussed below. 
The results of our study of the P loops in right and left atrial hypertrophy and 
of the ST-T loop in hypertrophy and acute infarction will be reported elsewhere. 
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Fig. 1.—Block diagram of selective dissector vectorcardiograph. 


APPARATUS 


The block diagram of the apparatus is shown in Fig. 1. The dissector is enclosed by inter- 
rupted lines. 

Patient voltages are obtained from properly placed German silver electrodes. The lead 
selector of the present device allows for the use of either the tetrahedral or cube reference system. 
For the purpose of selective blanking or unblanking, any reference system may be utilized. The 
output of the lead selector is fed into three electrocardiograph amplifiers. The three voltages 
obtained from the input switch represent the X, Y, and Z projections of the heart voltages. 
XY represents the frontal plane, YZ the sagittal, and XZ the horizontal plane. The gain of each 
amplifier is individually controlled and is calibrated by the application of a standard millivolt. 
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The outputs of the three amplifiers are then applied both to the various inputs of a standard 
dual-beam oscillograph (in this case Dumont 279), and to the signal selector of the ‘“‘dissector.”’ 
The signals to the oscillograph are represented on the screen of the cathode-ray tube. The signal 
selector allows a choice of any one of the outputs of the electrocardiographic amplifiers which has 
the most appropriate QRS signal for actuating the dissector. In actual practice, the initial portion 
of the QRS signal can be used, whether positive or negative. The apparatus contains a polarity 
inverter which may be used when necessary to change the polarity of the QRS signal. The signal 
is then applied to a wave shaper, which by the use of appropriate filters responds to sharp pulses, 
such as QRS waves, and is relatively insensitive to waves such as the usual P and T waves, and 
somatic tremors. The QRS wave is used because it has a higher voltage, is more easily recog- 
nizable, and is more reliable in appearance. The wave shaper modifies the signal to the form of a 
pulse suitable in amplitude and shape for triggering the subsequent circuits. This pulse is then 
applied to the flipflop switch, which renders the wave shaper inoperative to subsequent signals 


Fig. 2.— Diagram of time sequence operation of selective blanker-unblanker device. <A, Triggering 
signal is received. A-B, Delay 1, delay period before unblanking. B-C, Delay 2, duration of unblanking. 
A-D (row 5), Period during which apparatus cannot be triggered by any other signal. A-D is controlled 
by the sum of Delays 1, 2, and 3. In row /, there is selective unblanking of the terminal portion of the 
QRS loop, the initial part of which supplies the triggering signal. Delay 1 is out of the circuit. In row 2, 
selective unblanking of the ST-T complex is obtained. In row 3, selective unblanking of the P wave is 
obtained. In row 4, selective unblanking of the first QRS complex following the triggering QRS signal 
is obtained. In row 6, an alternate method of obtaining an isolated QRS loop. The beam is blanked 
from B-C, and becomes intense during the period C-B. 


from the signal selector until the flipflop switch is reset. This pulse is now also applied to Delay 1 
and to Delay 1 in-and-out switch. If Delay 1 is out of the circuit, this pulse is presented to Delay 2 
without delay. If Delay 1 is in the circuit there will be a period of delay before the operation 
of Delay 2. Delay 1 can be varied from 0.04 to 2.0 sec., and represents the interval between the 
triggering signal and the beginning of unblanking, determined by Delay 2. When Delay 2 is 
activated, it sends a signal to the signal amplifier of the dissector. The duration of this signal 
can be varied from 0.03 to 0.74 sec. The dissector signal amplifier can be adjusted so that when 
activated the amplitude of a timing signal applied to the Z axis of the cathode ray oscillograph 
for the duration of Delay 2 may be increased (unblanked) or decreased (blanked). With decreased 
amplitude, the beam becomes less intense. The latter technique of selective blanking is valuable 
in dimming the beam when the signal is of long duration, as during the inscription of the ST-T 
loop. In actual practice, selective unblanking has been more practical, i.e., the oscilloscope beam 
is extinguished except during the period of unblanking. 
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The timing signal, which will be described later, causes the beam of the oscillograph to be 
interrupted periodically. The output of Delay 2 is also applied to a solenoid circuit whereby a 
relay is closed during the blanking or unblanking period. This relay can be used to activate 
external circuits such as inserting signals into a direct-writing electrocardiograph to indicate the 
start and duration of blanking or unblanking. The solenoid circuit has been used to close the 
standardization circuit of a single-channel direct-writing electrocardiograph during the period of 
dissection. This technique furnishes a simultaneous record of the dissected portion of the QRS-T 


loop and obviates the need for multiple-channel recorders. 


PQRST 


4a - 


STT 


Fig. 3.—-Complex vectorcardiogram of the sagittal plane, unraveled by selective unblanking. The 
patient has an interatrial septal defect, marked right ventricular hypertension and hypertrophy, and 
delayed right intraventricular conduction. The top row is the vectorcardiogram of PQRST. The P 
loop is open and has a counterclockwise rotation. The QRS loop begins from the open end of the P loop. 
The YRS loop is complex, having an initial clockwise direction, a brief period of counterclockwise 
rotation, and a final clockwise rotation. The QRS loop is open. The ST-T loop has a counterclockwise 
rotation. 

\t the end of its operation, Delay 2 sends a pulse to Delay 3, which is also variable. At the 
end of its operation, Delay 3 sends a pulse to the exposure switch. If the exposure switch is in its 
“off’’ position, this pulse is permitted to reset the flipflop switch which in turn resets the wave 
shaper. With such resetting, the dissector is now ready to be tripped again by a signal from the 
signal selector. If the exposure switch is in its “on’’ position, only one heart cycle or dissected 
portion is allowed to be blanked or unblanked, and thereby multiple exposures are prevented. 
In this ‘‘on"’ position, the reset switch is then used to reset the circuits manually. 

A diagram of the time sequence operation of the selective dissector is shown in Fig. 2. Isola- 
tion of any loop can thus be obtained by two methods: (1) by intensifying the beam only during 
the inscription of the desired loop (unblanking), or (2) by dimming the beam during that part 


of the heart cycle when the desired loop is not being inscribed (blanking). 


Timing Circuit.—The timing circuit is completely electronic and consists of a simple multi- 
vibrator synchronized to suitable multiples of the line frequency. The multivibrator’s output is 
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a distorted square wave, so that when it is applied to the Z axis of the oscillograph, the individual 
segments have a direction, i.e., are comet-shaped, indicating the direction of the movement of the 
beam. The direction of inscription of slowly moving loops (P and ST-T), however, is not clearly 
demarcated. The timing circuit operates independently of the blanking-unblanking circuit. 
Oscillograph.—As mentioned previously, the oscillograph is a standard commercial unit 
(Dumont 279). Blanking or unblanking of the beam was obtained simply by adjusting the 
intensity control of the cathode-ray oscilloscope and the amplitude of the signal from the dissector. 
During the period of unblanking, the intensity of the signal from the dissector is increased, selec- 
tively illuminating that portion of the heart cycle; during the period of blanking, the intensity of 
the signal from the dissector is decreased, dimming or extinguishing that portion of the heart cycle. 


S F 


e 
¢ 


ij 
‘ 


Fig. 5.—P loops of same patient of Fig. 4, showing left atrial hypertrophy. The P loops are open, 
showing clockwise rotation in the sagittal plane and counterclock wise rotation in the frontal plane. 


Amplifiers.—There are three, three-stage differential push-pull A. C. voltage amplifiers* 
with self-balancing high-impedance input and phase-inversion output to permit single ending. 
There is a flat-frequency response from 0.5 c.p.s. to 500 c.p.s._ The noise level is below 10 micro- 
volts referred to input level. 

An ordinary 35 mm. camera (Dumont 296) and special Polaroid Land Camera 
Although provisions have been made for the use 
By adjusting Delay 3 of 


Camera. 
(Dumont 297) have been used satisfactorily. 
of an electric solenoid, these cameras have been controlled manually. 
the dissector, the beam may be unblanked for any desired submultiple of the heart beat, thus 
facilitating manual control of the camera shutter and avoiding double exposure. 


DISCUSSION 

With the usual technique of vectorcardiography, major emphasis has been 
placed on the analysis of the QRS loop. The paucity of reports on the ST-T and 
P loops confirms the inadequacy of the current methods of recording. In their 
original report, Wilson and Johnston' noted that the “. . . movements of the 
spot which represent the P and T waves are very small and their details are lost 
in the uniformly black area which surrounds the isoelectric point.”” A study of 
many published records since then, obtained with conventional vectorcardiog- 


*Buffington Electronic Co., Cleveland, Ohio. 
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raphy, indicates that definition of the characteristics of the ST-T and P loops 
has been fraught with error and has remained in the domain of intuition or guess. 

The technique of selective (differential) vectorcardiography makes possible 
a systematic study of the component loops of the heart cycle, especially analysis 
of complex loops, study of the P and ST-T loops, and of the details of the initial 
and terminal parts of the QRS loop (Figs. 3 to 9). By the use of the technique 
of partial dissection of each loop, it is possible to determine exactly which portion 
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Fig. 6.—Selective unblanking of vectorcardiogram of patient with lateral infarct. A, B, and C 
represent frontal, sagittal, and horizontal planes, respectively. D represents the period of unblanking. 
Row 1, Vectorcardiogram of PQRST; Row 2, Vectorcardiogram of QRS, showing counterclockwise 


-rotation in frontal and horizontal planes and clockwise rotation in the sagittal plane. The loops are 


open. In the horizontal plane, note the initial portion is directed anteriorly. In Fig. 5 this portion is 
absent, characteristic of anteroseptal infarction. The initial 0.03 sec. portion of the vectorcardiogram 
of the frontal plane is directed away from the left arm, producing and corresponding to a broad Q wave 
in VL. Row 3, Vectorcardiogram of ST-T complex, showing the same rotation as the respective QRS 
loops. Note the early slow movement of the ST-T loop and the more rapid terminal movement. The 
standardization was 1 millivolt equalled 3 inches deflection. In the lower right hand corner of C, one- 
inch deflection on the X and Y axes is represented. The tracings are interrupted every 0.0033 sec. 


of the electrocardiogram corresponds to which part of the vectorcardiogram 
(Fig. 9). Isolation of the various loops permits the estimation of the spatial 
areas for the further clarification of the spatial ventricular gradient. 

Several examples of differential vectorcardiograms, presented in Figs. 3 to 9, 
illustrate details of component loops. For purposes of clarity, the photographs 
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have been reversed, but otherwise not altered. The reference system employed 
was that of Duchosal, as modified by Grishman. 

There are other possible applications of our apparatus. For example, the 
present apparatus can be readily adapted to control the exposure of roentgeno- 
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Fig. 7..—-Dissection of vectorcardiograms of patient with anteroseptal infarct in the negative T 
stage. Rows /, 2, 3, represent frontal, horizontal, and sagittal planes, respectively. Row 4 indicates 
the duration of unblanking. A, Vectorcardiogram of PQRST; B, Vectorcardiogram of QRS. Note 
clockwise rotation of frontal and sagittal plane;, and counterclockwise rotation of horizontal plane. 
The initial portion of the QRS loop in the horizontal plane is flattened, characteristic of anteroseptal 
infarction. C shows counterclockwise rotation of the T loop in the horizontal plane, and complex T 
loops in the other two planes, the latter showing clockwise rotation of the initial portion and counter- 
clockwise rotation of the terminal portion. Tracings are interrupted every 0.0033 sec. 


Fig. 8.—Disse¢tion of vectorcardiogram of patient with left bundle branch block and recent anterior 
infarction. Rows 1, 2, and 3 represent frontal, horizontal, and sagittal planes, respectively. In row 4 
the period of unblanking is indicated by the elevation of the electrocardiographic base line. Details of the 
P, QRS, and ST-T loops are shown in B, C, and D, respectively. Vectorcardiogram of QRS shows 
clockwise rotation in the horizontal and sagittal planes, and counterclockwise rotation in the frontal 
plane. The QRS loops are open, indicating S-T junction deviation. The first portion of the ST-T loop 
moves slowly posteriorly, from right to left, the second portion moves downward about 85 degrees, and 
the terminal portion moves more rapidly leftward and toward the back. The P loops are open and show 
counterclock wise rotation in the frontal plane and clockwise rotation in the horizontal and sagittal planes. 


Tracings are interrupted every 0.0033 sec. 
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grams during any desired portion of the heart cycle, to calculate stroke volume, 
or to correlate electrical and mechanical events during angiocardiography. 

The present selective dissector apparatus has the following advantages: 
(1) this apparatus can be used with commercially available cathode-ray oscillo- 
scopes, preamplifiers, and ordinary cameras. Simultaneous records can be ob- 
tained on a standard electrocardiogram with clear marking of the blanked or 
unblanked portion. (2) The use of the QRS spike as the trip voltage allows 
for a better signal-to-noise ratio than does the use of the P wave. The QRS 
complex is more dependable as a tripping signal, especially in patients with no 
P waves, low P waves, retrograde P waves, auricular fibrillation or flutter, and 
in patients with extracardiac (somatic) tremors. (3) The assembled apparatus 


has been rack mounted and is portable. 


Fig. 9.—Vectorcardiogram of the ST-T complex showing the corresponding portions of the vector- 
cardiogram and electrocardiogram. Row / represents vectorcardiogram of ST-T complex of the sagittal 
plane; Row 2, Vectorcardiogram of ST-T of horizontal plane. Row 3, Electrocardiogram showing dura- 
tion of unblanking. In A standardization is 1 millivolt equals 3 inches deflection; in B and C standardiza- 
tion is 1 millivolt equals 6 inches deflection. Note the direction of rotation is clockwise in the sagittal 
plane and counterclockwise in the horizontal plane. In C partial dissection of the ST-T loop shows that 


the slow first half of the ST-T loop ends at the apex of the T wave in the electrocardiogram in Row 3. 
The descending limb of the T wave corresponds to the more rapidly moving second half of the ST-T loop. 


There are several disadvantages in using QRS as the triggering signal. In 
patients with extreme sinus arrhythmia, the variations from beat to beat may 
make it difficult to blank or unblank selectively the following QRS complex. 
By increasing the duration of the dissecting signal, the first QRS complex follow- 
ing the triggering QRS may be ‘‘targeted in” similar to the practice in artillery 
fire: thus if the variation from beat to beat is 0.12 sec., and the duration of 
ORS is 0.11 sec., if the beam is unblanked for 0.23 sec., a QRS complex will be 
embraced during the unblanking. In actual practice, selective unblanking has 


\ B Cc 
I 
— 4334 


HELLERSTEIN ET AL.: DISSECTION OF VECTORCARDIOGRAM 897 


not been a major problem. On the other hand, isolation of the ST-T loop pre- 
sents no difficulty whatsoever in any arrhythmia, since its QRS complex is used 
to trigger the dissector. 

SUMMARY 


A practical selective dissector apparatus has been constructed and has been 
used with commercially available equipment to separate and record the compo- 
nent loops of the vectorcardiogram (P, QRS, ST-T loops). 
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ACETYL-DIGITOXIN 


CLINICAL OBSERVATIONS ON THE TREATMENT OF PATIENTS WITH ADVANCED 
CONGESTIVE HEART FAILURE 


W. L6rr_er, M.D., A. F. M.D., AND G. Forster, M.D. 


ZiiRICH, SWITZERLAND 


N THE treatment of cardiac failure pure glycosides have two main advantages: 

their effect is constant, and their dose can be assessed gravimetrically. Be- 
cause of differences between the various compounds, in absorption as well as in 
speed, intensity, and duration of action, the most suitable preparation has to be 
selected in every case. Digitoxin, the first glycoside to be isolated by Nativelle"’ 
from Digitalis purpurea in crystalline form, is still widely used, despite its dis- 
advantage of causing frequent and persistent toxic side effects, which are due to 
pronounced cumulation resulting from the slow dissipation of the glycoside. 
It has thus been stated by several authors that, for routine treatment, digitoxin 
Diefenbach and Me- 


is not the glycoside of choice (DeGraff and associates,® 


neely’). 

In an attempt to find a compound with digitoxin-like effects, but having a 
greater therapeutic margin, Stoll and Kreis*® prepared from Digitalis lanata a 
new glycoside, acetyl-digitoxin-a, which is formed from lanatoside A by enzy- 
matic cleavage of one molecule of glucose. Pharmacologic analysis of this com- 
pound by Rothlin and associates'® showed that, like digitoxin, it is well absorbed 
from the intestinal tract and greatly reduces the heart rate, but at the same time 
is less toxic. These properties are of considerable clinical interest, and we have 
therefore tested acetyl-digitoxin (AD) extensively in our hospital for the last 
eighteen months," with special reference to the following points. 


1. Dosage: (a) Digitalization dose 
(b) Maintenance dose 
2. Therapeutic margin: 
(a) Maximum dose, and overdosage 
(b) Smallest maintenance dose giving rise to toxic side effects 
3. Clinical and pharmacological characteristics: 
(a) Absorption 
(b) Latent period 
(c) Duration of effect 
(d) Dissipation and rate of elimination 
4. Therapeutic action on heart and pulse rate, blood pressure, size of heart, diuresis, body 
weight, symptoms and signs of congestion, vital capacity, venous pressure, circulation 
time, general condition, and electrocardiogram 
Side effects 
6. Range of indications 


Comparison with other cardiac glycosides 


7. 
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METHOD 


The general therapeutic management consisted of rest in bed, restriction in 
the intake of salt, and restriction of fluid intake to 1,000 to 1,500 ml. If required, 
aminophylline, oxygen, analeptic drugs, and opiates were given. When the 
patient’s condition had become stationary, we started treatment with acetyl- 
digitoxin, given orally or intravenously, usually with an initial loading dose. 
Either one single digitalizing dose was administered in accordance with Gold 
and associates,'” or repeated smaller doses were given until digitalization was 
reached in the course of two to three days. Once compensation was achieved it 
was maintained with the minimum maintenance dose. In order to assess the 
therapeutic margin, we gave a few patients additional doses of acetyl-digitoxin 
at regular intervals after the full glycoside effect had become established, and 
thus determined the minimum toxic dose. Mercurial diuretics preceded by 
acidifying salts were used only in patients in whom the glycoside failed to elimi- 
nate edema completely. In such cases sodium-ion exchange resins were also 
employed occasionally. 

The effect of the glycoside was judged by the clinical picture, with daily 
checks of pulse rate, pulse deficit, blood pressure, respiratory rate, diuresis, body 
weight, and signs of congestion, also by repeated measurements of heart size 
(teleradiograms, orthodiagrams, determination of the heart volume after Kjel- 
berg and associates!'), vital capacity, venous pressure, and circulation time. 

Venous pressure was measured by the method of Moritz and Tabora'® 
(direct method, the manometer being connected to a needle inserted into the 
right antecubital vein with the patient in the recumbent position); values of 
1 to 9 cm. H.O were considered as normal. 


Circulation time was measured with an oximeter applied to the right ear. 
The lung-to-ear circulation time was determined as the interval between the 
beginning of a deep and quick inspiration of N.O and the first deflection of the 
galvanometer caused by the arrival of anoxemic blood in the ear. Similarly, the 
arm-to-ear circulation time was measured by injecting 3 to 4 ml. of a 1 per cent 
solution of Evans blue or methylene blue into the right antecubital vein and 


TABLE I. NORMAL CIRCULATION TIME IN SECONDS 
(PHOTOELECTRIC DETERMINATION WITH AN OXIMETER) 


LUNG-TO-EAR ARM-TO-EAR ARM-TO-LUNG 
Own determinations 5.5 (4.4—6.9) 11.5 (7.3—16.5) 6.2 (2.5—10.0) 
Matthes!® 4.0 (3.0—5.5) 10.7 (8—13) 6.7 (5—9) 
Lindgren™ 5.6 (4.0—6.8) 10.7 (8—17.7) 
Knutson et al.” 4.7 + 0.3 (3.0—6.8) | 13.4 + 1.0 (10—20) 


Wexler and Whittenberger?! 5.2 (4.1-—7.0) 


16.5) 


Callebaut et al. 5.1 (3.7—7) 10.3 ( 
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photoelectric recording of the moment at which the dye arrived in the vessels of 
the right ear. The arm-to-lung circulation time was calculated by subtracting 
the lung-to-ear time from the arm-to-ear time. In Table I, our normal values 
are listed, obtained in thirty individuals between 20 and 60 years of age 
with normal cardiovascular systems; for comparison the results of other authors 
obtained by similar methods are also given. For further particulars of the meth- 
ods, see Forster and Lottenbach.* 
RESULTS 


Our investigations were carried out on 120 hospitalized patients, all suffering 
from an advanced degree of cardiac failure of varying etiology. Two-thirds were 
over 60 years of age. Seventy-five per cent had one or several complications, 
such as thrombosis, pulmonary infarction, pneumonia, apoplexy, or cirrhosis 
of the liver. 


1. Determination of the Effective Dosage.— 

Initial dose: The dose of the glycoside necessary for complete digitalization varies according 
to the time during which it is desired to achieve it. In accordance with the degree of decom- 
pensation and of the tachycardia, the method was varied, thus: (a) the dose necessary for full 
digitalization was given within 24 hours, either as one singie dose of acetyl-digitoxin (after Gold!°) 
or in two or three divided doses; (b) digitalization was carried out in the course of two to three 
days by repeatedly giving smaller doses of the glycoside at intervals of 6 to 8 hours; (c) in certain 
cases with bradycardia treatment was carried out with small daily doses, the dosage being gradu- 
ally increased. 

Patients with auricular fibrillation and high ventricular rate lend themselves particularly 
well to studies on the relations between dosage and time required for full digitalization. In cases 
of this kind, patients are considered fully digitalized when the ventricular rate is reduced to 
70-75 per minute and the pulse deficit is abolished. The results of these investigations are 
presented in Table IT. 


TABLE II 
DIGITALIZATION 
WITHIN AVERAGE DOSE DOSE RANGE NO. CASES 
(DAYS) (MG.) (MG.) 
Digitalizing dosage of acetyl-digitoxin given by mouth 
1 2.4 2.0 — 3.0 17 
2 2.8 2.4 — 3.6 10 
3 3.4 2.8 — 6.0 26 
4 4.0 3.8 — 4.4 / 
Digitalizing dosage of acetyl-digitoxin given intravenously 
| 
1 1.3 — 2.0 9 
2 1.8 1.6— 2.2 9 
3 1.9 1.4—2.4 10 
4 2.6 2.0 — 3.4 7 


Maintenance dose: Once compensation was achieved it was maintained by the minimum 
daily single dose, given orally as a rule, but in advanced cases given intravenously for a few days. 


ac 
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The maintenance dose varied widely in different cases. Given intravenously it was 0.2 mg. on 
an average (0.1 to 0.4 mg.), given orally 0.1 to 0.4 mg., usually 0.2 to 0.3 mg. Only in rare cases 
was it necessary to increase the daily dose to 0.6 mg. in order to prevent the recurrence of cardiac 
failure. 


2. Therapeutic Margin.— 

The hazards of treatment with cardiac glycosides are largely determined by the therapeutic 
margin of the preparation used. This is therefore a decisive factor in the use of a glycoside in 
hospitals and particularly in general practice. The therapeutic margin, however, depends only 
partially on the nature of the compound, as it is also determined by the susceptibility of the 
individual patient to the cardiac glycosides. The susceptibility depends essentially on the etiology 
and degree of cardiac failure, on the cardiac reserve, and on extracardiac factors, such as the 
protein, potassium, and calcium content of the blood, hepatic and renal function, and basal meta- 
bolic rate. The therapeutic margin thus varies greatly in individual cases. 

With rapid oral digitalization, carried out within one or three days, the therapeutic margin 
can be determined in the following way. The dose of the glycoside necessary for rapid digitaliza- 
tion is divided into small, single doses and these are given at regular intervals for several consecu- 
tive days. The dose which is necessary to achieve compensation by digitalization is determined, 
as well as the dose of the glycoside which just produces toxic manifestations. When the adminis- 
tration of 2.4 mg., the dose required for achieving full digitalization within 24 hours, was con- 
tinued, the minimum toxic dose in five cases was found to be 5.6 mg. on an average (4.8 to 7.5 mg.). 
Thus, the therapeutic dose was on an average 53 per cent of the minimum toxic dose. With smaller 
daily oral doses (1.2 to 1.8 mg.), this figure varied between 40 and 60 per cent. 

With an initial oral dose of 2.4 mg. the full effect was observed after 24 hours; if the adminis- 
tration of the glycoside was continued at the same dosage level, the first toxic manifestations 
appeared on the third day. With a daily dose of 1.2 mg. acetyl-digitoxin, compensation was as 
a rule achieved after three days while toxic effects occurred only after five to six days. 

If 0.8 mg. was given daily by the intravenous route, the digitalizing dose of 1.6 to 2.4 mg. was, 
on an average, 65 per cent of the toxic dose (2.8 to 6.4 mg.). 

During maintenance treatment, the therapeutic margin was ascertained by determining the 
smallest dose which, if given daily, maintained compensation of the circulation, as well as the 
dose of the glycoside precipitating the first signs of intoxication. 

In our investigations, the minimum toxic maintenance dose varied between 0.3 and 0.8 mg. 
daily, the average being 0.6 mg., that is, well above twice the average therapeutic maintenance 


ck se. 


3. Clinical and Pharmacologic Characteristics.— 

Absorption: According to DeGraff and associates®’ and Oettel,'® it is possible to calculate 
the absorption ratio by comparing the intravenous and oral daily doses necessary for maintaining 
compensation. The average figures for acetyl-digitoxin, obtained from investigations in twenty- 
seven patients, were 0.2 and 0.3 mg., from which it can be concluded that the intestinal absorption 
is 67 per cent. 

The latent period (the interval between administration and the first sign of a drug effect) can 
best be determined in patients with auricular fibrillation and high ventricular rate. Heart rate 
and pulse rate were recorded regularly at short intervals. A glycoside effect can be assumed to 
have begun at the time when the heart rate has decreased by 10 per cent below the initial figure. 
For acetyl-digitoxin this latent period measures 20 to 30 minutes when injected intravenously 
(Fig. 1), and 2 to 4 hours when given orally. 

The duration of effect is ascertained by interrupting treatment after rapid complete digitaliza- 
tion and determining the time required for the heart rate to rise again to 90, or for a pulse deficit 
to reappear. Ten patients were investigated in this way and the duration of the effect of acetyl- 
digitoxin was found to be on an average 9 (4 to 14) days. 

Dissipation: The rate of elimination, that is, the ratio between the intravenous maintenance 
and intravenous digitalizing dose, indicates the fraction of the amount of glycoside present in 
the body, which is daily broken down or excreted. Twenty-two patients were investigated in 
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this way and an average rate of elimination of 14 per cent acetyl-digitoxin was found. Table III 
lists the corresponding figures for several cardiac glycosides in common use. 


TABLE III. RATE oF ELIMINATION OF THE Most CoMMONLY Usep CArbDIAC GLYCOSIDES 


I.V. MAINTENANCE I.V. DIGITALIZING PER CENT 
GLYCOSIDI DOSE (MG.) DOSE (MG.) RATIO ELIMINATED 
1. Strophosid 0.25 0.5 Ba 50 
2. Cedilanid 0.4 2.0 3 20 
3. Digilanid 0.4 2.0 1:5 20 
4. Acetyl-digitoxin 0.2 ase 14 
5. Digitoxin 0.15 2.0 1:14 7 


The greater the fixation of the cardiac glycoside, the smaller the amount eliminated (1, 2, and 5’ 


according to Augsberger!: 3 and 4, according to own observations). 


4. Therapeutic Effects. 

The heart rate is considerably reduced by acetyl-digitoxin. In cases of auricular fibrillation 
with high ventricular rate, an intravenous injection of 1.4 to 1.6 mg. acetyl-digitoxin reduces the 
heart rate to 70 per minute, with concomitant disappearance of a pulse deficit in four hours at the 
earliest (Fig. 1) and in 48 hours at the latest. In sinus tachycardia the normal rate was restored 
within 4 to 6 days in 60 per cent of the cases. In patients with normal or slow ventricular rate the 
reduction in rate was less marked so that on several occasions such patients could be treated by 
small doses of acetyl-digitoxin given orally. 


Heart rate T 
ae | | | | | lt 1.4 mg. Acetyl-Digitoxin i.v. (14 mi.) 
Heart rate 
| 
90 } 
Pulse rate | ee. 
80 
| 
60 } + 
| | | 
50 +++ 20 minutes until action set in 
. . . slight vomiting 
40} +3°/4 hours until optimal effect noted J T | 
Time 6 Ms 9 10 " 12 123456 8/6 12 6 
am am. am am am 4) Pm. P.M. p.m. p.m. p.m pm 
Oct. 1952 1a" | 19% | 20m | | 2390 


Fig. 1.—Effect of a single intravenous injection of 1.4 mg. acetyl-digitoxin on heart and pulse 
rate in a 57-year-old woman with rheumatic mitral stenosis and insufficiency, auricular fibrillation with 
high ventricular rate, pulmonary and hepatic congestion, and extensive edema. 


Effect on cardiac rhythm: On admission, fifty-five patients had sinus rhythm which, in three 
instances, changed into auricular fibrillation during treatment. Sinus rhythm was restored in 
three of fifty-seven cases of auricular fibrillation. Seven patients had auricular flutter; in five 
of these, conversion to sinus rhythm could be achieved by large doses of acetyl-digitoxin given 
intravenously or by mouth. In one woman with paroxysmal supraventricular tachycardia, a 
sudden transition to sinus rhythm took place five minutes after the intravenous injection of 
1.0 mg. acetyl-digitoxin. 

The positive inotropic effect of a cardiac glycoside can be assessed clinically only indirectly. 
We therefore resorted to animal experiments. In anesthetized cats the blood pressure and 
pulse pressure in the carotid artery were investigated before and after the intravenous injection 
of 0.03 mg./kg. acetyl-digitoxin; arterial resistance was varied by means of a cuff applied around 
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left side of the heart, the others had combined left and right failure. 
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the atdominalaorta. Before the injection of acetyl-digitoxin, increasing the pressure in the cuff by 
50, 100, and 150 mm. Hg resulted inan insignificant rise of systolicand diastolic pressure in the ca- 
rotid without any change in pulse pressure. After the injection of acetyl-digitoxin, on the other 
hand, the same increase in resistance was followed by an increase in pulse pressure as well as by a 
distinct persistent increase in systolic and diastolic pressures, signifying an improvement by 
acetyl digitoxin of the adaptability of the heart to increased demand. 

Clinically, acetyl-digitoxin usually raises the systolic pressure and pulse pressure in cases of 
low blood pressure due to cardiac failure. In the majerity of cases the diastolic pressure decreases 
and in cases of hypertension due to congestion the blood pressure is restored to normal. Detailed 
figures are contained in the paper by Léffler and associates.'* These changes in blood pressure 
suggest that the drug increases cardiac efficiency to a notable degree. 

Reduction in heart volume, indicating a decrease in the amount of residual blood, was often 
pronounced. Thus, ina 75-year-old man with congestive failure, aortic insufficiency and auricular 
fibrillation with slow ventricular rate, the heart volume (determined by the method of Kjelberg 
and associates") decreased from 1,880 to 1,480 c.c. within one month of taking a total of 14.0 mg. 
acetyl-digitoxin by mouth, and concurrently the manifestations of congestive failure disappeared 
completely. 

The effect on diuresis (Fig. 2) was investigated in the following way. Fluid intake was kept 
constant; the percentage increase in the average daily output during the first five days of treat- 
ment with the glycoside was compared with the data from a control period of at least three days 
during which no glycoside was administered, immediately prior to treatment with the glycoside. 
In forty-four patients, with no clinical signs of edema, acetyl-digitoxin given by mouth or intra- 
venously, increased diuresis by approximately 20 per cent. In the presence of edema acetyl- 
digitoxin, given intravenously in eighteen cases and orally in nine, increased diuresis by 70 and 160 
per cent, respectively. 

After intravenous injection, diuresis attained its maximum on the second to fourth day; if 
given by mouth, on the third to fifth day in two-thirds of the cases, though in eight patients this 
occurred as early as the first or second day. In cases with auricular fibrillation this usually coin- 
cided with the time at which the pulse deficit was nearly eliminated and the heart rate corre- 
spondingly reduced. 

The signs of congestion in the systemic and lesser circulations usually subsided rapidly in the 
course of acetyl-digitoxin treatment, and the patients’ general condition improved concurrently. 

In cases of left ventricular failure, dyspnea as well as the auscultatory and radiologic signs 
of pulmonary congestion became less marked. The relief in breathing which most patients felt 
as early as the second day of treatment was usually associated on the third day with a reduction 
of the respiratory rate and subsequently with a considerable increase in vital capacity (see Table 
IV). 

In patients with right ventricular failure, edema, congestion of the liver, and transudates 
subsided, usually in this order. Large effusions were often tapped at an early stage, in order to 
shorten the duration of hospitalization. In fifteen patients with generalized dropsy, complete 
elimination of edema could only be achieved by repeated injections of mercurial diuretics, pre- 
ceded by acidifying salts. In three instances the use of sodium-ion exchange resins was successful. 

Venous pressure which, in patients with right ventricular failure, was raised up to 30 cm. H:O 
dropped to normal usually within one week of treatment with the glycoside (Table IV). 


The circulation times, arm-to-ear, arm-to-lung, and lung-to-ear, on admission were consider- 
ably increased, according to the severity of failure. They decreased as the circulation improved 
but became normal only in rare cases (Table IV). Despite restoration of compensation there is 
still an increased amount of residual blood in the ventricles and thus some dilatation persists 
which, according to Gernandt and Nylin®, mainly determines the increase in circulation time. 

The electrocardiogram showed the well known glycoside effects, such as shortening of the 
Q-T interval, distortion of the S-T segment with displacement in a direction opposite to that of 
the initial deflections, associated with flattening of the T wave. The following side effects were 
observed, some of them in instances in which excessive doses were given experimentally: ven- 
tricular extrasystoles (7 cases), bigeminal rhythm (9), lengthening of atrioventricular conduction 
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time including partial or complete atrioventricular block (2), and one case each of ventricular and 
supraventricular tachycardia. All these changes, including the more pronounced arrhythmias, 
were usually reversible within two to three days, if the glycoside was temporarily discontinued 
(though in some cases potassium chloride or Pronestyl had to be given in addition). 

Therapeutic results: In 120 cases of advanced congestive heart failure treated with acetyl- 
digitoxin good or excellent results were obtained in 43 per cent and fair results in 38 per cent. 
The remaining 19 per cent were more or less resistant to therapy, of which 5 per cent were also 
not improved by other glycosides, such as Strophosid, ouabain, or lanatoside C. 


5. Side Effects. 

In one-quarter of our patients certain toxic side effects were observed during the initial or 
maintenance stages of treatment. These did not differ from those produced by other digitalis 
glycosides. Apart from the changes in the electrocardiogram already referred to, they consisted 
in nausea and vomiting; in two patients visual disturbances were observed (blurring of vision and 
micropsia or colored vision), and in one case acute psychosis with delirium occurred. When 
treatment with acetyl-digitoxin was discontinued, they disappeared within one to three days. 

To a certain extent such toxic manifestations are due to the fact that at first we had no clinical 
experience with acetyl-digitoxin and also that the initial dosages used were deliberately high in 
order to investigate the potency and toxicity of the drug. Subsequently, over a period of months 
when moderate dosages were used routinely to achieve digitalization within two to three days, 
and maintenance treatment was adjusted accordingly, side effects were rarely observed. This 
demonstrates that acetyl -digitoxin is well tolerated. 

Since the drug is not readily soluble in water, it is necessary to add alcohol to the solution for 
injection, which may produce a burning sensation and cramplike pain in the vein used for injection. 
This can be avoided by diluting one part of the ampule solution with three parts of a 5 to 10 per 
cent solution of glucose or with aminophylline. 


DISCUSSION 


Acetyl-digitoxin* is a crystalline pure glycoside which has the full digitalis 
effect, and the dose of which can be assessed gravimetrically. It reduces the 
heart rate considerably, has an excellent diuretic effect, and is well absorbed 
from the intestinal tract, its rate of absorption being 67 per cent (Cedilanid 40 
per cent, digitoxin 80 per cent). It increases cardiac efficiency (positive inotropic 
effect), which manifests itself clinically by raising an abnormally low blood 
pressure, increasing pulse pressure, and also frequently by reducing the heart 
size and thus the amount of residual blood. It acts relatively quickly, for ex- 
ample, 20 to 30 minutes after intravenous injection and 2 to 4 hours when given 
by mouth. Its effect lasts nine days and its rate of elimination is 14 per cent. 
These properties place acetyl-digitoxin midway between digitoxin and the gly- 
cosides Digilanid and lanatoside C 

Acetyl-digitoxin is characterized by being well tolerated and having a large 
therapeutic margin, thus combining the efficacy of digitoxin with the lower 
toxicity of the glycosides prepared from Digitalis lanata. Compared with digr 
toxin twice the amount of acetyl-digitoxin has to be given orally, for an identical 
effect to be produced. By the intravenous route 1.5 mg. acetyl-digitoxin and 
1.2 mg. digitoxin are equivalent doses. However, as acetyl-digitoxin is well 
absorbed, treatment by mouth alone is often sufficient. Since the drug effect is 
more readily reversible than that of digitoxin, treatment is more easily controlled 
and toxic side effects, if they occur at all, subside more quickly. 


*From Sandoz Pharmaceuticals, Hanover, N. J 
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The primary indications for acetyl-digitoxin are all forms of cardiac failure 
associated with tachycardia, including cases with normal rhythm or arrhythmias, 
particularly auricular fibrillation with high ventricular rate, auricular flutter, 
and paroxysmal tachycardia. As far as patients with bradycardia are concerned, 
glycosides obtained from strophanthus and squill, having a less-marked effect on 
the vagus, or lanotoside C seem preferable, though we have successfully treated 
such cases with small doses of acetyl-digitoxin. The high rate of fixation of 
acetyl-digitoxin makes it generally very suitable for prolonged treatment of 
patients with chronic cardiac failure. 

A dosage scheme for acetyl-digitoxin is as impracticable as with any other 
glycoside as the dosage has to be adjusted individually according to the patient's 
susceptibility which varies widely in different cases and to the type and severity 
of cardiac failure (Table V). 


TABLE V. DOSAGE OF ACETYL-DIGITOXIN IN VARIOUS FORMS OF HEART FAILURE 


PAROXYSMAL TACHYCARDIA,) OTHER FORMS OF HEART 


AURICULAR FLUTTER, | FAILURE WITH HIGH HEART FAILURI 
AURICULAR FIBRILLATION | VENTRICULAR RATE WITH LOW 
WITH HIGH VENTRICULAR | (AURICULAR FIBRILLA- VENTRICULAR 
RATE AND LARGE PULSE rION AND SINUS RATE 
DEFICI1 RHYTHM) 
Rapid digitalization 
(within 24 hours) 
i.v. (1-2 injections) 1.5 mg. (1.3-2.0 mg.) 
15 ml. (13-20 ml.) 
oral 2.4 mg. 
(2.0-2.5 mg.) 


Slow digitalization 


(within 2-5 days) 


i.v. daily 0.8 mg. (8 ml.) 

1.9 mg. (1.6-2.4 mg.) 
19 ml. (16-24 ml.) 
within 2—3 days 


total 


oral daily 1.2 mg. 0.8-1.2 mg. 
2.8-3.6 mg. 3.6-4.4 mg. 
within 2-3 days within 3-5 days 


total 


Maintenance treatment 
oral 


0.2 mg. (0.1 — 0.3 mg.) =1—3 ml. 
0.1 — 0.4 mg. (in rare cases 0.6 mg.) 


Rapid digitalization is indicated in patients with marked tachycaraia in 
order to improve cardiac economy quickly; if possible this should be achieved 
within 24 hours by a dose of 2.0 to 2.4 mg. given by mouth, or 1.4 to 1.6 mg. by 
the intravenous route in one or two injections (provided that there has not been 
any prior treatment with a glycoside). In less urgent cases oral digitalization 
within 2 to 3 days is a milder method, best suited for routine treatment. It is 
carried out by giving several medium doses up to a maximum of 2.8 to 3.6 mg. 
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If the intravenous route is employed, a daily dose of 0.8 mg. is necessary, the 
total dose being 1.6 to 2.4 mg. Slow oral digitalization with small daily doses of 
0.6 to 0.8 mg. is more suitable for patients with bradycardia. The initial digi- 
talization is immediately followed by the maintenance treatment, the average 


| ia | Propylthiouracil (total 6.2 g.) | } | 
1950 Aminophylline i.v. quot. 10 cm* Suppository 
Glycoside (mg.) 0 Digilanid i.v. (total 5.4 mg.) _i.v. (total 1.2 mg.) | Digilanid 1 Suppository (0.5 mg.) daily 
1 
2 
Pulse rate 
190 
Heart rate 
170 
150 
130 
10 Pulse rate 
90 
70 
Acetyl- iv. i 
Glycoside (mg) 0 | 4959 ¢ cetyl-Digitoxin i.v. (total 3.4 mg.) 0.4 mg. i.v. 
ow 
Weight (kg.)1 
60 + — = Duration of effect 12 days 
| 
+ Vomiting Vomiting Pulmonary infarct 
200 5 +—+—+—}— 
ol 
140 4 Tit 
A 
60 4 
3000 
1000 } —} —}— =e 
Diuresis (mI! ) SS 
! — 
+ + + 5 C ~ 12 4 
culation time (sec) go = 4 
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Fig. 3.—Comparison between different glycosides: Acetyi-digitoxin reduces the heart rate more 
than Digilanid, given intravenously, in the same patient, a 56-year-old woman with hypert hyroidism, 
myocardial degeneration, and auricular fibrillation with high ventricular rate. 
1950: Basal metabolic rate +16 per cent. During treatment with Digilanid the pulse rate was 
gradually reduced only when propylthiouracil was also given. 
1952: Basal metabolic rate +24 per cent. Large intravenous doses of acetyl-digitoxin alone 
promptly reduced heart rate to normal, exerted a good diuretic effect, reduced weight by 
& kg., decreased venous pressure and circulation time, and increased vital capacity. Digi- 
talization within 24 hours by 2.0 mg. given intravenously. Minimum toxic dose 3.4 mg. 
Duration of effect 12 "days. 
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maintenance dose being 0.2 mg. (0.1 to 0.4 mg.) intravenously, or 0.3 mg. (0.1 to 
0.6 mg.) by mouth. The latter dose usually has to be increased somewhat when 
the patient resumes work. The largest doses are required in cases of myocardial 
degeneration, hypertensive heart failure and, as was to be expected, in patients 
with hyperthyroidism. 


Comparison with other glycosides: Sixteen patients, whose response to acetyl- 
digitoxin was unsatisfactory, were subsequently treated with Strophosid, ouabain, 
or Cedilanid. In this series acetyl-digitoxin proved superior to Strophosid in 
three instances, while ouabain and Strophosid had a somewhat more powerful 
effect than acetyl-digitoxin in two cases each. In conclusion, two examples 
(Figs. 3 and 4) may be given to illustrate that, if other glycosides fail, acetyl- 
digitoxin may either have a better diuretic effect or reduce the heart rate to a 
greater degree, and thereby restore compensation in patients in whom such a 
fortunate outcome seems beyond hope. With the introduction of acetyl-digitoxin 
a very effective glycoside has been added to the preparations used in the treatment 
of heart disease. 


SUMMARY 


1. Acetyl-digitoxin is a glycoside obtained from Digitalis lanata which is 
well absorbed from the alimentary tract, acts relatively quickly, greatly reduces 
the heart rate, and has a pronounced diuretic effect. It is well tolerated and has 
a wide therapeutic margin. Because of these properties this glycoside, given 
orally or parenterally, has proved valuable especially in cases of cardiac failure 
with tachycardia, such as auricular fibrillation with high ventricular rate, auricular 
flutter, and paroxysmal tachycardia. Because of its high rate of fixation, more 
persistent action, and cumulation, it is well suited for the maintenance treatment 
of patients with chronic cardiac failure. As its effect is more quickly reversible 
than that of digitoxin, treatment with acetyl-digitoxin can be more easily con- 
trolled. 

2. Signs of intoxication occurring as a result of overdosage disappear within 
1 to 3 days of discontinuing treatment. They correspond to those produced by 
other digitalis glycosides. Signs of local irritation due to the alcohol content of 
the solution occurring on intravenous injection can be avoided by diluting one 
part of the ampule solution with three parts of glucose or aminophylline. 
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THE CEREBRAL HEMODYNAMIC RESPONSE TO THE XANTHINE 
COMPOUND, PAREPHYLLIN (DIETHYL-AMINOETHYL 
THEOPHYLLINE HYDROCHLORIDE) 


Joun H. Moyer, M.D., AND HARVEY B. Snyper, M.D. 
WITH THE TECHNICAL ASSISTANCE OF C. PoLK SMITH 


Houston, TEX. 


MINOPHYLLINE has been observed to decrease cerebral blood flow in 

normotensive control subjects,! patients with heart failure,? and patients 
with hypertension associated with severe headache.’ At least in the latter group 
of patients, the cerebrospinal fluid pressure decreases concurrently with the 
reduction in cerebral blood flow. Recently a xanthine compound (Parephyllin) 
(Soluphylline or R-3588)* has been introduced which has gained widespread use 
in France*® under the trade name Soluphylline. It produces less gastric irritation 
than aminophylline and, therefore, it can be given in large doses orally. In 
addition, it is not irritating by the intramuscular route of administration. Be- 
cause of these qualities, it seemed worthwhile to study the pharmacodynamics 
of this drug and to compare it with aminophylline. The current study is con- 
cerned with an evaluation of the cerebrovascular hemodynamic response to this 
compound (Parephyllin). 

METHODS 


One normotensive subject and six hypertensive patients, three of whom 
were in heart failure, were studied. This was a sample group which was similar 
to patients on whom similar observations had previously been made with amino- 
phylline.2* The ages ranged from 32 to 57 years. The hemoglobin was in 
excess of 11 grams in all of the patients studied. The studies were done with the 
patients in the supine position. Measurements of pulse rate and respiratory 
rate were made during the control period and repeatedly after the drug was 
administered. The cerebral blood flow was determined by the nitrous oxide 
technique® in the manner previously described.?* After suitable control periods, 
0.5 Gm. of the drug was administered by the intravenous route in 100 c.c. of 
saline over a 20-minute period. After an additional 5-minute delay period, 
observations on cerebral blood flow were again repeated. Cerebral oxygen 

From the Departments of Pharmacology and Medicine, Baylor University College of Medicine, 
Houston, Tex. 
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consumption was determined as previously described.’ Mean arterial blood pres- 
sure was determined by direct intra-arterial manometry. The effect of the drug 
on the cerebrospinal fluid pressure was determined by an ordinary spinal fluid 
pressure manometer. After observations were made in the relaxed position, 
both before and after the drug was administered, the patient was made to raise 
the abdominal pressure by straining (CAP and DAP, Table I). Observations 
on the cerebrospinal fluid pressure were recorded during the control period and 
30 minutes after administering the drug. 


% CONTROL 
14 


Glomerular Filtration Rate 
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Fig. 1.—Renal hemodynamic response to the intravenous administration of 0.5 Gm. of Parephyllin. 
(Courtesy Am, J, M. Se.8) 


RESULTS 


The observations on cerebral hemodynamics are recorded in Table I. By 
contrast to aminophylline, Parephyllin (R-3588) appeared to have very little 
effect on cerebral blood flow or on cerebrospinal fluid pressure. There were two 
exceptions and in both of these the cerebrospinal fluid pressure decreased as the 
cerebral blood flow was reduced. Despite the absence of altered cerebral hemo- 
dynamics, dizziness and anxiety were quite commonly observed. There was 
also a tendency for oxygen consumption to increase, suggesting that the drug 
increases cerebral metabolism. Hypertensive headaches were observed in two 
patients, only one of whom showed a decrease in cerebral blood flow with subse- 
quent improvement in her headache. 

There was very little alteration in cerebral blood (arterial and venous) 
oxygen and carbon dioxide. The arterial oxygen content usually increased some- 
what, apparently a reflection of increased aeration in the lungs. Despite the 
absence of reduced cerebral blood flow, there was a slight increase in arterio- 
venous oxygen difference and in oxygen uptake by the brain. 


JO seynsne 
MOY 


+ 
+ 


JB[NISBA [BIGeala,) 4 
ainsseid 
/ureiq Weis ayeIdn UsFZAXO 
CA‘] “Wy Anup Aurmoyjoy q 
[VUIWIOP Ge YITM Anap ainsseid ping 


ART JOURNAL 


OLE > | 68 


HE 


Ayatxue ‘Azz1q £9 

Ajaixue ; OCF 06 


Z. 
< 
=. 
< 


SNOLLOVGY AGIS LNGLLVd 


NITIAHATUVY OL ASNOdSAY OINVNAGOWNGH 


914 
a 
- 
N 
© 
~ 
= 
HNO 


915 


ROI 901 jo 
(%) 


+ 


ON Or 


~ 
a 
= 
= 
~ 
= 
< 
Z 
= 


LNAILVd 


Cl 


(%) AWAIOA (%) AWN IOA (%) AWAIOA (%) AWA'IOA (%) AWAIOA 


1dIXOI(] NO#AVT GNV NHDAXQ doo 1g NO AO LOAAAY 


MOYER AND SNYDI 


SH 
~ 
= Atte Om ™M oO 
™~ 
v 
° 
m~ OOO Om ™~ 
| 
O 
| 
Oe OI OO ™~ 
| 
| | 
| 
| | 
| 
| | 


MOP poolq 
poolq 
Jae 
SUOTIBAJaSGO 
sjue ed jo sdnois JOJ 


YLM 


SoyoRproy 
out Aydourmy 


JOURNAL 


ART 


HE 


“LNOO “LNOO 
) 


) 
49 


“LNOO 


Z. 
= 


agidaALs 
SLNGLLVd GdAL | SLUNGLLVd 
YaLVM “WK DH “WA “NIN /AVED {FONVLSISAY OOL/ “IN 40 "ON 


ALG SINGILV 40 J, SMOIUVA NI ANITIAHAONINY OL SV NITIAHASUVY JO ASNOASAY 


916 
N 
x 
N 
0) 
N _ 
2» & 
— af 
© 
= 
ss = 
x af> 
™N 
x ™N = ™ 
on 
al 
on 
a 
> 
a 
oD + 
© af af 
| 
| | 


MOYER AND SNYDER: CEREBRAL RESPONSE TO XANTHINE COMPOUND 917 


DISCUSSION 


The cerebral hemodynamic response to Parephyllin is not equivalent to the 
response to aminophylline in the normal subject or in the hypertensive and 
cardiac patient. Whereas, aminophylline consistently reduces cerebral blood 
flow and cerebrospinal fluid pressure, this is only an occasional response to 
Parephyllin. The jugular pressure was usually reduced following the adminis- 
tration of Parephyllin, which response is also observed after the administration 
of aminophyiline and may be due to a direct cardiac stimulant effect of the drug. 
Previous observations’ have also indicated that the renal hemodynamic response 
is different from that of aminophylline. The glomerular filtration rate and renal 
plasma flow are both temporarily depressed after Parephyllin (Fig. 1), whereas 
aminophylline either does not alter these functions or it tends to increase them. 
Parephyllin® likewise exerts only a weak diuretic effect indicating that the drug 
is of little value as a diuretic either alone or in combination with mercurials.* 

It is interesting that Parephyllin arrests Cheyne-Stokes respiration much 
as aminophylline does. This suggests a direct stimulant effect on the respiratory 
center. We had previously entertained the idea*® that the reduction in cerebral 
blood flow and subsequent anoxia of the respiratory center following the adminis- 
tration of aminophylline might be responsible for the ability of this drug to arrest 
Cheyne-Stokes respiration. However, the fact that such a closely related com- 
pound as Parephyllin produces the same response without reducing cerebral 
blood flow suggests that the therapeutic response to these compounds is probably 
a direct stimulant effect of the drugs rather than an effect resulting from altered 
hemodynamics. Since Parephyllin can be administered by the intramuscular 
route it may be a useful agent for the treatment of patients with Cheyne-Stokes 
respiration. Again because of the ease of both intramuscular and oral routes of 
administration this agent should be investigated for its effect on the heart and 
bronchial tree. The fact that the arterial oxygen increased in nearly all patients 
suggests that it may be an effective bronchodilator. 


SUMMARY AND CONCLUSIONS 


Observations have been made on the cerebral hemodynamic response to 
Parephyllin, a soluble salt of theophylline which can be given in large doses orally 
and intramuscularly without causing local reactions. In contrast to amino- 
phylline, Parephyllin does not reduce cerebral blood flow. Since this agent may 
relieve Cheyne-Stokes respiration much as aminophylline does, it seems quite 
likely that the mode of action for both drugs is by their direct stimulant effect 
on the respiratory center. 
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Clinical Reports 


VENTRICULAR TACHYCARDIA DUE TO IDIOPATHIC PERICARDITIS 
CONTROLLED BY SIMULTANEOUS INTRAVENOUS 
PROCAINE AMIDE AND QUINIDINE 


CAPTAIN GLENN M. Morris, MEpDICAL Corps, ARMY OF THE UNITED 
STATES, AND LIEUTENANT COLONEL R. B. FRANKLIN, MEDICAL 
Corps, UNITED STATES ARMY 


Camp Gorpbon, Ga. 


HIS case is reported because to our knowledge ventricular tachycardia due to 
idiopathic pericarditis has not been described. Furthermore, we were unable 
to find a prior report on the simultaneous intravenous use of procaine amide and 
quinidine. We used these drugs simultaneously because we were unable to con- 
vert the arrhythmia by administering increasingly large doses of each of them 


alone. 


Ventricular tachycardia, if uncontrolled, may lead to a fatal termination 
from ventricular fibrillation, cardiac arrest, or cardiac decompensation. It is 
an arrhythmia of independent ventricular origin, usually occurring simultaneously 
with a slower sinoauricular rhythm, although any auricular rhythm may be 
present. The physiologic and pathologic mechanism of this arrhythmia has 
never been definitely established. It has been postulated that the stimuli arise 
either in a circular movement in a ring of ventricular tissue, or in a single ectopic 
focus in the ventricular myocardium.'* It is sometimes impossible to distin- 
guish this arrhythmia from a supraventricular tachycardia with aberrant ven- 
tricular conduction, but the electrocardiographic demonstration of an inde- 
pendent atrial rhythm or of transitional complexes between those of ventricular 
and supraventricular origin is helpful.‘ 


_ Procaine amide is similar to procaine, differing solely by the substitution 
of an amide group for the ester group present in procaine. Its pharmacologic 
action is not thoroughly understood. It has been described as having a quinidine- 
like action. It has a similar but more enduring action than procaine.’ In 
the turtle heart it raises the threshold for electrical stimulation and thus lengthens 
the ventricular conduction time. Unlike quinidine it does not depress con- 
tractility, nor does it affect rhythmicity or the refractory period.’ It depresses 
auricular excitability.“ It usually depresses ventricular excitability but has 
been observed in animal and human hearts to be followed by ventricular fibrilla- 
tion,® ventricular tachycardia,'®" premature ventricular systoles," complete 
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Fig. 1.—Electrocardiogram taken on admission demonstrating ventricular tachycardia, 
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block, bundle branch block, and depression of the idioventricular pacemaker.® 
Dutta® has demonstrated a blocking action in the superior cervical ganglion, 
much like atropine and quinidine. Toxicity is relatively mild, but hypotension 
may be marked with intravenous use. Mild gastrointestinal symptoms are 
common; and rash, fever, urticaria, and agranulocytosis have been observed.”-" 
Its potency has been calculated by Schaffer as approximately one-fourth that 
of quinidine.*"® 

The action of quinidine on the heart is well known and may be summarized 
as increasing the refractory period, decreasing myocardial excitability, and 
slowing conduction.'? Clagett'® has reviewed the literature on intravenous 
quinidine and reported a patient who was given a maximum single intravenous 
dose of quinidine sulfate of 3.25 Gm. with successful conversion of ventricular 
tachycardia to sinus rhythm. 


CASE REPORT 


This patient was a 21-year-old white male soldier, admitted to the U. S. Army Hospital at 
Camp Gordon, Georgia, on Feb. 18, 1953. He was in apparent good health until the afternoon 
of admission. At this time while sitting at a desk he experienced a sudden onset of rapid heart 
action, faintness, sweating, substernal pain, and vomiting, persisting for one hour until the time 
of admission. He stated that he had had three or four mild and brief attacks of palpitation in 
the last five years but offered no other history of any medical problem, including rheumatic 
fever and its equivalents, heart disease, tuberculosis, or recent respiratory infection. 

Physical examination revealed a pale, apprehensive, sweating male. The blood pressure 
was unobtainable. Auscultation revealed a heart rate of 280 per minute, and a coarse precordial 
murmur which we were unable to time. Electrocardiogram showed a ventricular tachycardia 
(Fig. 1). Blood count showed 18,600 leukocytes with 81 per cent neutrophils. Sedimentation 
rate on admission was 18 mm. in one hour by the Wintrobe method and rose to 29 mm. on the 
twelfth hospital day. Urinalysis and serologic tests for syphilis were normal. The antistrepto- 
lysin titer on the tenth day was reported as 625 units. 

On admission the patient was given 0.2 Gm. of quinidine sulfate by mouth, but he vomited 
thirty minutes thereafter. During the following six hours he was given 1.0 Gm. of procaine 
amide intravenously, 1.0 Gm. of calcium gluconate intravenously, and 16 mg. of morphine sulfate 
subcutaneously without conversion to sinus rhythm. The tachycardia persisted over the follow- 
ing two days, despite the administration of 1.2 Gm. of quinidine lactate intramuscularly in divided 
doses over a six-hour period, 2.0 Gm. of procaine amide given intravenously over twenty minutes, 
2.0 Gm. magnesium sulfate injected intravenously, and 3.2 Gm. of quinidine gluconate adminis- 
tered intravenously over four hours. At this time the patient had a fever of 101° F. Roent- 
genogram of the chest showed the heart to be at the upper limits of normal, and the hilar vascular 
markings to be increased. The arm-to-tongue circulation time with Decholin Sodium given in 
the right median cubital vein was twenty-five seconds. On the morning of the third hospital 
day the patient was given 50 mg. of quinidine gluconate and 50 mg. of procaine amide alternately, 
intravenously, at one-minute intervals. After a total dose of 1.5 Gm. of each drug during a period 
of sixty minutes, the patient reverted to sinus rhythm (Fig. 2). Hehad frequent singultus and 
vomiting during this time, but no other untoward effects. After conversion, auscultation revealed 
a pericardial friction rub which persisted for the following ten days. He ran a low grade fever 
up to 101° F. for the subsequent week, and thereafter was afebrile. He was given oral quinidine 
sulfate 0.3 Gm. every six hours for seven days, and then no further medication. He was followed 
up until the present time and continued in normal sinus rhythm. 

The tracing taken immediately after conversion showed no P waves. The S-T segments 
and T waves were abnormal (Fig. 2). At no time was there electrocardiographic evidence of 


pericarditis (Fig. 3). 
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Fig. 2.—A, Lead II showing marked slowing of ventricular tachycardia just prior to conversion 
to sinus rhythm. 8B, Tracing taken just after conversion to sinus rhythm. 
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Fig. 3 Electrocardiogram taken three days after conversion to sinus rhythm 
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DISCUSSION 


We believe our patient had an idiopathic pericarditis as described in the 
literature.'**' The elevated antistreptolysin titer indicates a streptococcal in- 
fection, but the absence of other findings makes rheumatic fever an unlikely diag- 
nosis. The absence of electrocardiographic changes in acute pericarditis has 
been previously reported.” We may postulate that an area of inflamed sub- 
epicardial myocardium was the focus producing the ventricular tachycardia. 


SUMMARY 


A case of ventricular tachycardia is presented. The etiology is believed to 
be acute idiopathic pericarditis. This arrhythmia could not be controlled by 
the intravenous administration of 2 Gm. of procaine amide and 3.2 Gm. of 
quinidine gluconate given on separate occasions. The simultaneous administra- 
tion of these drugs in a dose of 1.5 Gm. of each caused conversion to sinus rhythm. 


ADDENDUM 


The patient was last seen May 20, 1953. He complained of dyspnea and precordial dis- 
comfort on exertion. Examination showed nothing except a tachycardia of 100 upon standing. 
A double Master's Test showed the rate to remain fairly fast during the period of recovery. 
There was no significant change in the P-Q-R-S-T complex. Hence, the patient was sent to 
limited duty. There has been no clinical or electrocardiographic evidence of recurrence of arrhy- 
thmia, despite the fact that he is under no treatment. 
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PROLONGED SURVIVAL FOLLOWING PERFORATION OF 
INTERVENTRICULAR SEPTUM AS A RESULT OF A 
MYOCARDIAL INFARCTION 


THE 


Joun FRANCIS BricGs, M.D., F.A.C.P., F.C.C.P.,* AND JoHN Hott, M.D. 


MINNEAPOLIS, MINN. 


ERFORATION of the interventricular septum secondary to myocardial 

infarction is not an unusual event and increasing reports in the literature 
indicate cognizance of this complication. The clinical syndrome presented in a 
patient with such a catastrophe is rather specific and usually leads to the diagnosis. 
A victim of myocardial infarction suddenly develops acute failure of the right 
side of the heart and at the same time a loud blowing systolic murmur makes its 
appearance over the precordium. The combination of the infarction plus the 
appearance of the murmur and subsequent acute heart failure is sufficient evi- 
dence that septal perforation has occurred. Death usually follows within a 
short time after the development of this complication. The prediction had been 
made that some of these individuals might live for a goodly length of time fol- 
lowing perforation of the septum. A few cases have been so reported. The 
following case is reported of a septal perforation which was diagnosed ante mor- 
tem and in which the patient survived despite the presence of severe congestive 
heart failure for many months. 


CASE REPORT 


H.A.R. entered the Ancker Hospital on Aug. 31, 1948. He was a white man, 75 years of age, 
who was a sheep herder. At the time of admission to the hospital he complained of shortness of 
breath and a crushing pain across his chest. He stated that at two o'clock on the day of admission 
to the hospital he was shearing his sheep when he suddenly developed a very severe shortness 
of breath and almost simultaneously a crushing sensation over the front of his chest. Because 
of the shortness of breath he was unable to lie down and he was brought to the hospital immedi- 
ately. The past history was uneventful and not relevant to the present illness. 


Physical examination revealed a well-developed, well-nourished white male in acute respiratory 
distress. He was very restless and apprehensive. He was bathed ina cold sweat and had a cyan- 
otic appearance. The physical examination at the time of admission to the hospital was otherwise 
normal with the exception that rales were found in the bases of both lungs. The blood pressure 
was 125/100 mm. Hg, the pulse 100, no murmurs were heard, no evidence of cardiac enlargement 
to physical examination and the rate was regular. It was our impression at the moment that the 
patient had suffered from a coronary thrombosis with myocardial infarction and acute congestive 
heart failure. The patient was acutely ill until Sept. 2, 1948, when he developed for the first time 
a loud “rubbing” systolic murmur in the apical area of his heart. This murmur had not been 
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present before. There was increasing evidence that the patient was now developing failure of the 
right side of the heart. On Sept. 3, the murmur was very well heard particularly at the tip of the 
sternum. No rub could be felt and the patient had now developed auricular fibrillation. The 
resident suggested the possibility that the appearance of the murmur in conjunction with evident 
right-sided heart failure might mean that the patient had suffered a perforation of the inter- 
ventricular septum. This diagnosis was confirmed by the attending staff. His condition again 
became very grave, and it was thought he would not survive. Over a period of time, however, 
the patient gradually recovered from the acute phase of his illness but the auricular fibrillation 
persisted. On Sept. 6, 1948, with the use of quinidine the auricular fibrillation was converted to 
a normal rhythm. The murmur remained as before, but there was increasing evidence now of 
pulmonary congestion. The patient received the usual supportive therapy throughout his illness, 
including oxygen, anticoagulants, quinidine, digitalis, etc. The patient’s condition gradually 
improved and he was finally discharged from the hospital. At the time of his discharge from the 
hospital on Oct. 29, 1948, the patient had evidence of severe right-sided heart failure. The patient 
was treated routinely at home and received diuretics as well as supportive treatment for his cardiac 
condition. He entered St. Joseph's Hospital on May 9, 1952, and expired shortly after his entrance 
to the hospital. 

The electrocardiogram on Sept. i, 1948, revealed rapid auricular fibrillation and evidence of 
an acute anterior infarction. A record taken earlier on Sept. 1, 1948, revealed a normal rhythm 
but evidence also of an acute anterior infarction. Subsequent records revealed nothing unusual 
other than periods of auricular fibrillation and evidence of serial changes characteristic of anterior 
infarction. Portable x-ray of the chest on Sept. 22, revealed pulmonary congestion bilaterally. 
The film was unsatisfactory because of obesity. 

The salient features of the autopsy were a heart weighing 565 grams which exhibited an old 
left ventricular aneurysm. There was a large scar on the anterior and lateral surfaces of the left 
ventricle in its distal two-thirds. On opening the chambers there was an old area of infarction 
corresponding to the distal two-thirds of the interventricular septum in its anterior two-thirds 
portion. The adjacent left ventricular wall was pale in the corresponding area. The wall was 
replaced by a scar and thinned out to approximately 2 millimeters. There was an old thrombus 
in the anterior descending branch of the left coronary artery which was cannulized. Within the 
scar in the interventricular septal defect near the anterior quarter of the ventricular wall there 
was a perforation. This defect was 1 to 1.5cm.in diameter. It wasat the junction of the distal 
one-third and the proximal two-thirds of the interventricular septum on its anterior border. 
The remaining coronary arteries were sclerotic but not appreciably narrowed. The myocardium 
on the right side was hypertrophied and the chambers were greatly dilated. The liver revealed 


severe chronic passive congestion. 


CONCLUSIONS 


A case is recorded of a myocardial infarction in which septal perforation 
occurred, following which the patient survived for 41 months. His illness was 
characterized by severe congestive heart failure. During this time the edema 
was partially controlled by the use of diuretics and the ascites by paracentesis. 
This case demonstrates that occasionally a patient with a perforation of the 
interventricular septum as a result of myocardial infarction may survive for many 
months. 


Critique 


AN EVALUATION OF THE TERM “CORONARY INSUFFICIENCY” 


Davip ScHERF, M.D., AND MAuRICE GOLBEY, M.D.* 


New York, N. Y. 


HE term “coronary insufficiency”’ is widely employed nowadays and is, in 
our opinion, much abused. It may be informative, it seems to us, to inquire 
into the meaning of the term and its clinical usefulness. 


‘ 


Original Meaning of the Term.—When the term ‘‘coronary insufficiency”’ 
was introduced originally, it was meant to describe a certain functional state in 
which the coronary blood flow was not adequate for the needs of the myocar- 
dium.'* This state of inadequacy occurs in a variety of conditions. The blood 
supply to parts of the heart muscle is insufficient in syphilitic stenosis of the 
coronary ostia and in arteriosclerotic stenosis of the arteries of the coronary 
branches. The insufficiency becomes manifest when exertion, a rise of blood 
pressure, tachycardia, or an increased amount of pressor amines in the blood 
raise the demands of the heart for oxygen. The same insufficiency may, even in 
the absence of a stenosis, occasionally be due to reflex narrowing of a coronary 


‘ 


artery, i.e., coronary ‘‘spasm’’ (acute hemorrhage), or to the inability of a coro- 
nary artery to widen sufficiently when the requirements of the heart muscle for 
oxygen are suddenly increased. An insufficient amount of oxygen to the heart 
muscle is also supplied in anemia, especially during physical exertion. In animal 
experiments, carbon monoxide intoxication and orthostatic hypotension were 
found to have similar effects.' 

Anginal pain often appears with a paroxysmal rise of the blood pressure 
(hypertensive crisis) with or without pheochromocytoma. It may also occur in 
mitral stenosis, aortic insufficiency, and aortic stenosis. While the mechanism of 
anginal pain in these conditions is not entirely clear, it seems certain that myo- 
cardial ischemia is present. Here again the term coronary insufficiency has been 
used to describe the underlying functional state. 

In all conditions mentioned, histologic examination has revealed necrosis 
of myocardial cells, particularly those in the subendocardial layers of the mvyo- 
cardium which are known to be most susceptible to a diminution of blood supply 
because they are exposed to the high intraventricular pressure. Characteristic 
electrocardiographic changes, usually consisting of depression of the RS-T seg- 
ments, have been described and have become accepted as diagnostic for this 
condition.! 
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Krom the outset, the term ‘coronary insufficiency”’ has not proved entirely 
satisfactory. In carbon monoxide intoxication, for example, only the oxygen 
supply is insufficient, not the coronary arteries. It is equally impossible to 
assume the presence of an “‘insufficient’’ coronary artery in chronic anemia or in 
tachycardia with anatomically normal coronary vessels. Such objections not- 
withstanding the term has been found useful and has been readily accepted. It 
may be recalled that when we speak of “aortic insufficiency’? we mean aortic 
valve insufficiency, yet the incorrect term is well understood. It, like so many 
inaccurate terms in medicine, has not been discarded because it has had according 
to common parlance a certain meaning widely accepted for many years. 

Present Confusion in Use of the Term Coronary Insuffictency.—Con fusion 
arose when the term was used to describe a variety of clinical and pathological 
conditions, not merely to designate a functional state. Nowadays, coronary 
insufficiency is often considered a clinical diagnosis without any inquiry as to its 
cause or mechanism in a given patient. Besides, electrocardiograms are fre- 
quently reported as showing the “typical pattern of coronary insufficiency.” 
Even pathologists sometimes state that the patient under discussion ‘“‘suffered 
from coronary insufficiency.”’ Clinicians report that certain compounds, khellin- 
preparations for instance, are helpful in coronary insufficiency. 

Such loose use of the term can be found in scientific journals almost every 
week. We may quote a few examples. One reads that “ coronary insuf- 
ficiency was considered a cause (for pain) but against it was the failure of the 
pain to respond to nitroglycerine.’ Thus we are led to believe that the presence 
or absence of coronary insufficiency can be determined by the response to nitro- 


glycerine. In another recent paper, it is stated, that ‘‘. . . it is generally accepted 
that angina, coronary insufficiency, and coronary occlusion are varying degrees 
of a common condition namely myocardial ischemia.” Here, in agreement 


with the opinion of many, coronary insufficiency is regarded as a condition more 
severe than angina pectoris but less severe than coronary occlusion. In another 
journal a physician asks for help with a diagnosis. His patient had suffered 
from substernal pain for 90 minutes; the electrocardiogram had remained normal 
for one week and had then shown only a temporary abnormality of the T wave 
in Lead aV_. The answer given by the expert reads, ‘‘The changes noted above 
suggest the condition was coronary insufficiency rather than myocardial infarc- 
tion.’"'? Here again “‘coronary insufficiency” is offered as a diagnosis, and the 
possibility of a small infarction is discarded too readily. 

Other Definitions and Uses of This Term.—Several recent textbooks of 
cardiology and electrocardiography describe myocardial infarction, even if 
associated with coronary thrombosis, under the heading ‘“‘coronary insufficiency.” 
This is logical since coronary occlusion may be considered as an extreme degree of 
coronary insufficiency. When we diagnose coronary insufficiency in these 
patients, however, we necessarily add to the confusion as myocardial infarction 
is a well known clinical syndrome, easily recognized in most instances. Why use 
a broad, nonspecific term, when a well-defined pathological and clinical condition 
can be diagnosed? In most instances it will be impossible to differentiate clini- 
cally whether the infarction is caused by thrombosis of a coronary artery, or 
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whether it is due to long-lasting ischemia when physical exertion or a paroxysmal 
tachycardia complicates coronary stenosis. Necrosis of muscle fibers is common 
in the last-named conditions. 

Gregg speaks of absolute and relative coronary insufficiency, the former 
occurring in stenosis and closure of the coronary arteries, the latter caused by 
an increased oxygen demand, e.g., in hypertrophy of the heart. He also dis- 
tinguishes between primary coronary insufficiency associated with valvular disease 
and primary coronary insufficiency caused by arteriosclerosis.* 

Graybiel states that coronary insufficiency describes a pathophysiologic 
state which may be due to different causes. ‘‘Acute’’ coronary insufficiency may 
involve a large or small area of the myocardium and may be slight or absolute. 
The term chronic coronary insufficiency should be used with caution; it refers 
to a relatively permanent state brought about by irreversible causes. A severe 
degree of chronic coronary insufficiency is improbable because it would lead to 
necrosis; however, mild degrees of chronic coronary insufficiency may persist for 
years. Graybiel also uses the term ‘‘potential’’ coronary insufficiency to indicate 
a state of lowered coronary reserve.‘ 

A chronic coronary insufficiency is often said to be responsible for the electro- 
cardiographic changes in hypertrophied hearts and is supposed to explain the 
strain pattern seen in the electrocardiogram of these patients. Since this pattern 
may persist without change for years and is influenced little or none by exercise, 
the administration of nitrites or ergotamine, the heart remaining strong and 
hyperactive, without any evidence of failure over many years, we consider this 
explanation improbable. 

According to Levy acute fatal coronary insufficiency is a term which should 
be employed to describe the sudden death of some patients with coronary disease, 
in the absence of coronary thrombosis.'' We believe that in most patients with 
coronary disease sudden death is actually due to ventricular fibrillation. In 
patients with coronary sclerosis, in whom an electrocardiogram was obtained 
fortuitously at the time of death, ventricular fibrillation was observed.’ At that 
time myocardial ischemia may or may not be pronounced. 

Term Used as a Synonym for Angina Pectoris.—There is a widespread ten- 
dency to use the terms coronary insufficiency and angina pectoris as synonyms: 

Danielopolu, who employed the term ‘‘coronary insufficiency”’ very early, 
calls ‘‘coronary insufficiency without coronary disease’ the occurrence of anginal 
pain in healthy individuals during overexertion, such as cycling or mountain 
climbing. When extensive obstruction of the coronary arteries exists without 
anginal pain, on the other hand, the diagnosis is said to be “coronary disease 
without coronary insufficiency.’”® 

Confusion has also been due to the fact that the term 
used by many to describe different situations. Most authors speak of angina 
pectoris when they mean classical angina on effort. But they also use the word 
“‘anginal”’ for the pain in coronary occlusion, pulmonary embolism, paroxysmal 
tachycardia, etc. For others, angina pectoris is a symptom, which may appear 
in a variety of conditions in which coronary insufficiency is said to occur, and 
these include coronary occlusion. We have always preferred the last definition 


‘ 


‘angina pectoris” is 
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From this it follows that angina pectoris is never a complete diagnosis. One 
should state that a patient suffers from angina pectoris due to coronary sclerosis, 
or that a patient has angina pectoris caused by aortic stenosis or has a severe 
attack of anginal pain in the early phase of coronary thrombosis, etc. 

It should be re-emphasized that angina pectoris describes a symptom, while 
coronary insufficiency designates a certain abnormal state. A diminished blood 
supply to the heart may occur without pain; thus not every coronary insufficiency 
is accompanied by angina pectoris. Every angina pectoris, however, according 
to the present conception, is caused by a diminished oxygen supply to the heart 
or parts of it (coronary insufficiency). 


Term Used to Indicate Coronary Disease.—This is a common result of loose 
thinking. Not infrequently one reads that xanthomatosis leads to coronary 
insufficiency or that penicillin therapy in syphilitic aortitis occasionally causes 
coronary insufficiency. In the general practice of medicine the diagnosis of 
coronary insufficiency at the present time is commonly made whenever the 
diagnosis of angina on effort or of myocardial infarction is not immediately 
evident. Unfortunately many physicians regard this as satisfactory and sufficient 
and do not search for the cause of the existent coronary insufficiency. 


Term Used to Designate a Clinical Entity.—The use of the term coronary 
insufficiency as indicating a clinical entity was popularized by Master and his 
when restricted to necrosis or 


associates. It was declared a useful term, 
infarction of the heart muscle without complete occlusion.’’” 

Later, acute coronary insufficiency was defined as a syndrome of severe 
myocardial ischemia, more prolonged and more severe than that which occurs 
in ‘“‘angina pectoris.’ It was then stated that acute coronary insufficiency is an 
entity and that it appears as a result of a sudden increase of cardiac work, or a 
diminution of cardiac blood flow or of interference with oxygenation of the blood. 
The clinical signs are, as a rule, according to the authors, not as marked as those 
in acute coronary occlusion. A fall of the blood pressure, an accelerated sedi- 
mentation rate and fever, may or may not be present." In the electrocardiogram 
Q waves are absent, but a depression of the RS-T segments is usually seen. The 
situation was confused by the statement that differentiation is necessary between 
“coronary insufficiency without coronary occlusion” and ‘‘coronary insufficiency 
with acute occlusion.’ The authors do not try to differentiate between myo- 
cardial ischemia and myocardial infarction as one would assume they might. 
Instead they attempt to show that it is possible to differentiate clinically between 
myocardial infarction caused by coronary occlusion on one hand and infarction 
occurring without occlusion of a coronary artery on the other. 


DISCUSSION 


The terms ‘“‘intermediate coronrary syndrome,’’’ coronary insufficiency and 
“coronary failure,’"* have been used to describe a state between simple angina 
pectoris (whereby angina on effort is meant) and myocardial infarction. In that 
state the pain is prolonged but does not last very long, the blood pressure remains 
normal or falls only slightly, the sedimentation rate does not rise or is only 
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slightly elevated, fever is absent or slight, leukocytosis is absent or borderline. 
The electrocardiogram shows no Q waves and no elevation of the RS-T segments. 
This concept certainly requires correction. It has been established that in myo- 
cardial infarctions, particularly those caused by the occlusion of a small artery, 
a fall of blood pressure, fever, changes of the sedimentation rate, or leukocytosis 
may be slight or absent. The electrocardiogram often shows only changes of the 
T waves. In most cases in which coronary insufficiency is diagnosed nowadays, 
because the pain and the clinical picture is ‘‘in between”’ angina on effort and the 
attack of an infarction of a large area of the myocardium, it is our opinion that a 
small myocardial infarction exists. Such small infarctions ‘‘slight coronary 
attacks’’® belong to the coronary syndrome which is most frequently overlooked 
at the present time. Some of our patients have had hundreds of such attacks 
over several years, with pain sometimes lasting for hours and with no, or delayed 
effect of nitroglycerine, with only occasional and slight transient rise of tem- 
perature, and a transient occasional flattening or inversion of the T waves in 
some leads. At post mortem, many scattered areas of myocardial fibrosis are 
found. The diagnosis of ‘“‘coronary insufficiency” in such patients without any 
attempt to arrive at a correct anatomic diagnosis should be rejected. It does 
not help in the evaluation or management of the patient. 

It is frequently asserted that the electrocardiographic finding characteristic 
of coronary insufficiency is a depression of the RS-T segment. This is incorrect. 
Depression of the RS-T segments and an inversion of the T waves, to be sure, are 
common when the subendocardial layers of the myocardium are damaged experi- 
mentally.2. Moreover, in spontaneous attacks of angina on effort as well as in 
those induced by the exercise test, depression of the RS-T segment is most com- 
mon. The electrocardiogram in myocardial anoxia may, however, show only 
simple inversion of the T waves without changes of the RS-T segment. Inversion 
of the T waves is the only characteristic change seen in many patients following 
an acute hemorrhage.*’ On the other hand, marked elevation of the RS-T seg- 
ment, as seen in acute infarction, but disappearing within a few minutes, has been 
frequently observed following exercise in patients with coronary stenosis.*:*! 

When an attack of anginal pain appears at rest, when it is prolonged, and 
when the response to nitroglycerine is unsatisfactory or delayed, it is impossible 
to state whether we are dealing with the premonitory syndrome preceding 
coronary thrombosis, or whether an infarction or several small infarctions exist. 
Prolonged observation usually will supply the answer. 

Thus, the term coronary insufficiency is no more a diagnosis than the term 
angina pectoris. There are many conditions which give rise to coronary insuf- 
ficiency or are accompanied by it. In every instance an attempt should be made 
to establish an etiologic and if possible, an anatomic diagnosis. The conditions 
mentioned, namely, simple angina on effort, the premonitory syndrome, small or 
large infarctions, are not the only ones to be considered. One should bear in 
mind paroxysmal tachycardia, paroxysmal flutter, and fibrillation with or without 
electrocardiographic evidence of the posttachycardia syndrome.’ Furthermore, 
at the onset of an acute internal hemorrhage it may be impossible to rule out the 
presence of an acute myocardial infarction due to coronary occlusion.®° The pain 
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may have the same characteristic features in both conditions; the slight elevation 
of temperature, sweating, fall of blood pressure, leukocytosis, and electrocardio- 
graphic changes may be identical in both. In such cases the presence of a wide- 
spread vasoconstriction has been proved experimentally and clinically; here, 
more than in any other condition the term vasospasm is justified. Following 
a hemorrhage sudden blindness due to spasm of the retinal arteries has been 
recorded. The picture of lower nephron nephrosis with anuria and of azotemia 
due to a disturbance of the renal blood flow is also well known. 

The severe anginal pain in patients with hypertensive crisis with or without 
a pheochromocytoma represents another instance of coronary insufficiency which 
is certainly acute and so is the anginal pain observed in patients (even in children) 
with aortic insufficiency or aortic stenosis. 

In all these situations the pathophysiologic state of coronary insufficiency 
exists, yet we would not be justified in using this term alone as a diagnosis, since 
the diagnosis of aortic stenosis with anginal pain, or hypertensive crisis with 
anginal pain, etc., tells us more. 

Correct usage of medical terms is a fundamental necessity for clear thinking, 
for medical progress, and for correct management of the patient. We therefore 
believe that ‘“‘coronary insufficiency’’ should not be considered a diagnosis any 
‘coronary insufficiency”’ is em- 


more than the term anginal pain. If the term 
ployed, it should be qualified. The cause and mechanism of the coronary insuf- 
ficiency should be sought. The unqualified use of this term all too often gives the 
physician the false satisfaction that a diagnosis has been made. Important 
consequences follow. The patient suffering from a small acute infarction is not 
only coronary insufficiency.’’ The prognosis is given 


put at rest because he has 
as fair, since ‘“‘only coronary insufficiency exists.’’ Every patient complaining of 
prolonged anginal pain has tissue damage, which may be local or diffuse. Such 
patients need careful attention, even though they may not require prolonged 
bed rest and too marked restriction of their activity. 


SUMMARY AND CONCLUSIONS 


The original meaning of the term ‘‘coronary insufficiency” is discussed and 
the abuse of this term is illustrated by samples taken from the current medical 
literature. It is shown that the improper use of the term has led to great con- 
fusion. 

It is proposed to limit this term to indicate a certain pathophysiologic state 
which may occur in a great variety of diseases. It does not involve a disease- 
entity. Therefore, this term should only be used with a qualifying description, 
indicating the specific type of coronary insufficiency present in an individual 
patient. 
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Announcement 


A course in ELECTROCARDIOGRAPHIC INTERPRETATION for graduate physicians will be given 
at the Michael Reese Hospital, Chicago, IIl., by Louis N. Katz, M.D. (Director of the Cardio- 
vascular Department, Medical Research Institute) and associates. The class will meet each 
day from 9:00 a.m. to 5:00 p.m. from August 2 through August 14, 1954. 

Further information and a copy of the lecture schedule may be obtained upon application 
to Mrs. Rivian H. Lewin, Administrative Secretary, Cardiovascular Department, Medical Re- 
search Institute, Michael Reese Hospital, Chicago 16, III. 


Book Reviews 


LEISTUNGSSTEIGERUNG: LeEIstUNG-UBERMUDUNG-GESUNDERHALTUNG. By Dr. Max Hochrein 
and Dr. Irene Hochrein-Schleicher. Ed. 3, 283 pages with 53 figures and 20 tables. Stutt- 
gart, 1953, George Thieme Verlag. 


The book is essentially concerned with the relationship between work, fatigue and disease. 
Work, occupational and recreational, is the most common physiologic stress situation, and its 
effect on disease is an important problem for medicine and public health. Exploration of the 
broader aspects of the causes of disease is a comparatively new area, and there is a need for this 
type of book; however, this book does not quite fill the need. 

Its greatest merit is that it has been written and thus brings these important problems to the 
attention of a wider professional public. It is a curious mixture of sound experimental work and 
much speculation. Unfortunately, the speculation is frequently presented in an authoritative 
and factual manner, and the nonmedical reader particularly will not be able to separate facts 
from speculation. 

The incomplete coverage of pertinent literature particularly in areas outside of the experi- 
mental experience of the authors (circulation and respiration) is a serious defect. For instance, 
in the discussion of the role of nutrition (pp. 218-226) none of the controlled large scale experi- 
ments on the effect of diet on performance, carried out during and after the war in this country, 
are mentioned nor is the important cholesterol problem. Instead, one finds such statements as: 
‘‘For many mental workers a diet rich in protein but low in fat and carbohydrates has been preven 
to be advantageous.”’ Not only is there no valid experimental basis for such a statement, but it is 
even hard to design a diet which is high in protein and substantially lower in fat than the average 
diet. Many such examples could be given. As a whole, the treatment of the physiologic and 
psychologic background of work and fatigue (Chapter II) is not on a very competent level. 

The main topic, however, is the importance of abnormal fatigue (Ubermiidung) as a cause 
for the development of organic disease (Chapter III). ‘‘Normal’’ fatigue, resulting from work, 
is differentiated from abnormal or excessive fatigue (Cbermiidung) from relatively small amounts 
of work and even in a resting condition. Since fatigue is a symptom of many diseased conditions, 
the authors reserve the term ‘“Ubermiidung”’ for patients who feel tired without any evidence of 
patent disease. The syndrome of neurocirculatory asthenia falls into this classification. Since 
normal as well as abnormal fatigue are essentially subjective phenomena, the differentiation is 
quite arbitrary. In order to obtain more objective criteria, the authors reproduced the state of 
excessive fatigue by experiments with 72 hours of sleep deprivation in two normal subjects. It is 
questionable how far the similarity goes, but the more serious objection is the generalization made 
on the basis of only two subjects. Unfortunately, the author is not aware of the larger American 
material (Ivy, A. C., and Goetzl, F. R., War Med. 3:60, 1943; Tyler, D. B., Federation Proc. 
6:218, 1947). 

The experimental results, however, are of definite interest, particularly the increased reflex 
response of peripheral circulation (plethysmographically recorded) to thermal stimuli in the 
state of Ubermiidung; in some more advanced cases even a paradoxic response (decrease of 
peripheral blood flow on heat application) is observed. 

The authors maintain that functional disturbances which characterize the state of ‘‘Uber- 
miidung” ultimately result in organic disorders, and this thought is applied to diseases of the 
heart, central nervous system, lungs, intestinal tract, liver, eyes, etc. We limit this review to 
circulatory and respiratory disease. It is maintained that coronary insufficiency (angina pectoris) 
starts as an increased reflex irritability of the coronary arteries. The correlation between ana- 
tomic changes and angina attacks is poor. It is claimed that 40 per cent of the patients with 
myocardial infarct do not have pain, and only 15 per cent of the patients with coronary athero- 
sclerosis have angina pectoris. It is assumed that coronary spasm is the primary disturbance, 
and vascular degeneration the secondary event. Thus, ultimately, an attack of coronary spasm 


935 


936 AMERICAN HEART JOURNAL 


might produce myocardial infarct. Therefore, physical work is listed as the Number 1 cause for 
myocardial infarct. However, Master (J. A. M. A. 128:775, 1945) has convincingly shown that 
there is no correlation between physical work and the occurrence of myocardial infarct, but this 
material has escaped the authors. The existence of coronary spasm is presented as fact, while 
it is, at best, a debatable hypothesis. 

The percentage of silent infarcts, in the experience of the authors, is excessively high and 
more precise information about the material is needed. Possibly, microscopic necrotic areas were 
considered as infarcts. In another place it is claimed that 35 to 40 per cent of all apparently 
cardiac troubles such as palpitation, chest pain, etc., actually are due to intestinal disorders. 
Such loose statements may easily produce confusion in nonmedical readers. 

In regard to pulmonary diseases, it is claimed that the initial functional disturbance in the 
pulmonary circulation is a short circuit of the greater part of the pulmonary blood flow through 
arteriovenous anastomoses (‘‘pulmonal dystony”’). This produces dyspnea at comparatively 
low work loads, while in more severe exertion the dyspnea disappears because of the opening of 
alveolar capillaries. Ultimately, bronchial asthma and pulmonal emphysema may develop. 
The diagnosis of such ‘‘pulmonal dystony”’ is difficult in the first place, and the causal relationship 
to asthma and emphysema has still to be demonstrated. 

The last part of the book is devoted to the therapy of fatigue but cannot be discussed in the 
limited space of this review. 

A minor objection is that some authors are quoted in the text but not included in the list of 
references. 

The book contains much interesting material and is stimulating, but much of the stimulation 
arises from the temptation to challenge many of the statements and conclusions. 


HYPERTENSIVE DiIsEASES: CAUSES AND ContrRoL. By Henry A. Schroeder, M.D. 610 pages. 
Philadelphia, 1953, Lea & Febiger. Price $10.00. 


This is an interesting and provocative book concerning arterial hypertension. Dr. Schroeder 
has attempted to supply a great deal of information about essential hypertension, paying par- 
ticular attention to those aspects which tend to lend support to his concept of pathogenesis. He 
has also reviewed and organized a great deal of information about other varieties of hypertension. 
Unfortunately, all of this material is considerably colored by Dr. Schroeder's personal point 
of view. 

The sections on therapy of hypertensive disease are dominated by Dr. Schroeder's theory that 
hydralazine is a specific weapon against a pressor substance in the blood of certain hypertensives. 
He also believes that his particular combination of hydralazine and hexamethonium (Hyphex) 
is superior to any other regimen currently available for most hypertensive individuals. Since 
few physicians familiar with the treatment of essential hypertension would agree with Dr. 
Schroeder's views on this subject without definite reservations, his emphasis on this point weakens 
the entire commentary. Also, his complete omission of consideration of other drugs and thera- 
peutic weapons for the treatment of arterial hypertension does not seem to be practical in a book 
which, to a certain extent, attempts to span the subject. 

If one agrees with Dr. Schroeder’s concept as to the etiology and treatment of agnogenic 
hypertension, this book is valuable for practical information. If one disagrees with the general 
concept, it is interesting to read the book to see how his theory is organized and defended. How- 
ever, physicians who have not paid special attention to the problems of arterial hypertension 
may be considerably misled by some of Dr. Schroeder's statements. Despite the fact that this 
book should be taken with a grain of salt (this seems justifiabie when speaking of hypertension), 
it has considerable value to most physicians interested in hypertensive disease. Its main limita- 
tion is that it attempts to defend a theory which at the moment is little more than pure speculation. 
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Bronchoconstriction, malignant carcinoid of 
small intestine with metastases to 
liver, valvular disease of right side of 
heart (pulmonary stenosis and tri- 
cuspid regurgitation without septal 
defects), peripheral vasomotor symp- 
toms, and unusual type of cyanosis 
(Thorson et al.), 795 
Bundle branch block, depolarization of ven- 
tricle with (Kennamer and Prinz- 
metal), 769 


Bundle Branch Block—Cont’d 
left (Wolff et al.), 165 
masquerading as right bundle branch 
block (Richman and Wolff), 383 
right, incomplete, complicated by right 
ventricular hypertrophy (Wolff et al.), 
171 
uncomplicated (Wolff et al.), 165 
Cc 
Capacity, vital, effect of treatment with acetyl- 
digitoxin on venous pressure, circula- 
tion time, and in patients with heart 
failure (Table IV) (Léffler et al.), 904 
“Capillary” pressure curves, left atrial and 
pulmonary, during Valsalva’s experi- 
ment (Bjérk et al.), 635 
Carbon dioxide, effect of Parephyllin (R-3588) 
on cerebral blood oxygen and (Table 
Il) (Moyer and Snyder), 915 
Carcinoid, malignant, of small intestine with 
metastases to liver, valvular disease 
of right side of heart (pulmonary ste- 
nosis and tricuspid regurgitation with- 
out septal defects), peripheral vaso- 
motor symptoms,  bronchoconstric- 
tion, and unusual type of cyanosis 
(Thorson et al.), 795 
Cardiac catheterization, performance of angio- 
cardiography and, as combined pro- 
cedure (Dickerson), 252 
diets, gourmet cooking for, 793 (B. Rev.) 
enlargement, etiology of, in coronary occlu- 
sion, hypertension, and coronary ar- 
tery disease (Master), 321 
failure and compensation, effect of systemic 
and local anoxia, of alpha-tocopherol 
administration, and; studies on whole 
blood and muscle creatine levels (Sut- 
ton et al.), 67 
infarction, artificially induced, in dog, effects 
of cortisone and ACTH on (Hoover 
and Manning), 343 
rate, duration of T wave and its relation to, 
in healthy adults (Gross), 514 
vector, effect of heart position and rotation 
on: experimental study (Wolff et al.), 
161 
Cardiographic technique, 156 (B. Rev.) 
Cardiology, primer of, 319 (B. Rev.) 
Cardiopathies congénitales, traité des, 793 
(B. Rev.) 
Cardiovascular and renal hemodynamic effects 
of Aramine (Livesay et al.), 745 
aspects of Los Angeles County mass chest 
x-ray survey (Jacobson et al.), 860 
effects, certain, of vasopressin (Pitressin) 
(Wakim et al.), 77 
Catheterization, cardiac, performance of angio- 
cardiography and, as combined pro- 
cedure (Dickerson), 252 
Cerebral blood oxygen and carbon dioxide, 
effect of Parephyllin (R-3588) on 
(Table Il) (Moyer and Snyder), 915 
hemodynamic response to xanthine com- 
pound, Parephyllin (diethyl-amino- 
ethyl theophylline hydrochloride) 
(Moyer and Snyder), 912 


| 
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Chest wall, anterior, effect of cooling, on T 
wave of electrocardiogram (Rahman 
et al.), 394 

coronary thrombosis with myocardial in- 

farction secondary to nonpenetrating 

injury of (Lehmus et al.), 470 

survey, mass, Los Angeles County, 

cardiovascular aspects of (Jacobson 

et al.), 860 

Chinese, some epidemiologic aspects of blood 
pressure and its relationship to diet 
and constitution with particular refer- 
ence to (Lowenstein), 874 


X-Tay 


Cigarette smoking, effects of, on ballistocardio- 
grams of high school youths (Kelly 
et al.), 30 


Circulation, extracorporeal, new 

(Juvenelle et al.), 692 

time, pulmonary, elbow-left ventricle and 
elbow-right ventricle circulation times, 
obtained by means of fluorodensogra- 
phy with radiopaque substance (Neri 
et al.), 818 

venous pressure, and vital capacity in 

patients with heart failure, effect of 
treatment with acetyl-digitoxin on 
(Table IV) (Léffler et al.), 904 

visceral, 155 (B. Rev.) 

Circulatory and ventilatory changes of chronic 
rheumatic heart disease with mitral 
stenosis, effect of lanatoside C on 
(Gray and Gray), 282 

dynamics, 474 (B. Rev.) 

Coarctation of aorta, presubclavian (Bahn et 
al.), 444 

Commissurotomy, tricuspid valve, with one- 
year follow-up (Trace et al.), 613 


method of 


Compensation, cardiac failure and, effect of 
systemic and local anoxia, of alpha- 
tocopherol administration, and; stud- 
ies on whole blood and muscle creatine 
levels (Sutton et al.), 67 

Conducting system, heart of rat with special 
reference to (Prakash), 241 

Conduction, aberrant, in supraventricular ex- 
trasystoles eliminated by exercise 
(Boikan and Gunnar), 626 

disturbance, atrioventricular, temporary, as- 
sociated with ingestion of veratrum 
viride (Zumoff), 630 

Congenital heart disease and acute myocardial 
infarction (Vesell), 604 

Congestive heart failure, blood volume in, as 
determined with iodinated human 
serum albumin (Kaplan et al.), 824 

effect of ganglion blocking agents in 
(Shuman et al.), 737 

Constitution, some epidemiologic aspects of 
blood pressure and its relationship to 
diet and, with particular consideration 
of Chinese (Lowenstein), 874 

Cor triatriatum: rare malformation of heart, 
probably amenable to surgery (Peder- 
sen and Therkelsen), 676 


SUBJECT INDEX 


Coronary artery disease, effect of estrogens on 
plasma lipids in (Oliver and Boyd), 
348 
“insufficiency,’’ evaluation of 
and Golbey), 928 
occlusion, acute isolated myocarditis simu- 
lating (Gillis and Walters), 117 
hypertension, and coronary artery disease, 
etiology of cardiac enlargement in 
(Master), 321 
thrombosis with myocardial infarction sec- 
ondary to nonpenetrating injury of 
chest wall (Lehmus et al.), 470 
Cortisone and ACTH, effects of, on artificially 
induced cardiac infarction in dog 
(Hoover and Manning), 343 
therapy, risk of thromboembolic complica- 
tions from (Russek et al.), 653 
Creatine levels, muscle and whole blood, stud- 
ies on: effect of systemic and local 
anoxia, of cardiac failure and compen- 
sation, and of alpha-tocopherol ad- 
ministration (Sutton et al.), 67 
Creatinine clearance, renal plasma flow, and 
hematocrit, effect of continuous intra- 
venous infusion of (Table IB) (Livesay 
et al.), 749 
“Cyanose tardive,”’ interventricular septal de- 
fect, pulmonary artery aneurysm with 
thrombosis, and paradoxical systemic 
arterial embolizations (Richards and 
Cohn), 313 
Cyanosis, unusual type of, malignant carcinoid 
of small intestine with metastases to 
liver, valvular disease of right side of 
heart (pulmonary stenosis and tri- 
cuspid regurgitation without septal 
defects), peripheral vasomotor symp- 
toms, bronchoconstriction, and (Thor- 
son et al.), 795 


term (Scherf 


D 


Defibrillation, behavior during fibrillation and; 
extracorporeal circulation (Juvenelle 
et al.), 711 

ventricular fibrillation and, through un- 

opened chest, extracorporeal circula- 
tion in hypothermic dog with (Table I) 
(Juvenelle et al.), 696 

Defibrillations, electrical; extracorporeal circu- 
lation (Juvenelle et al.), 718 

Diet and constitution, some epidemiologic as- 
pects of blood pressure and its rela- 
tionship to, with particular considera- 
tion of Chinese (Lowenstein), 874 

Differential vectorcardiography; dissection of 
vectorcardiogram (Hellerstein et al.), 
887 

Digitalis poisoning, bidirectional ventricular 
tachycardia due to (Zimdahl and 
Townsend), 304 

Dog, effects of cortisone and ACTH on arti- 
ficially induced cardiac infarction in 
(Hoover and Manning), 343 

spread of activation in left ventricular wall of 

(Durrer and van der Tweel), 192 


| 
| 
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Dog’s heart, normal auricular activation in 
(Puech et al.), 174 


E 


Ebstein’s anomaly of tricuspid valve (G¢tzsche 

and Falholt), 587 
disease, angiocardiographic findings in (Table 
IV) (Gétzsche and Falholt), 592 
catheterization findings in (Table III) 
(Gétzsche and Falholt), 590 

Effort, heart, artificial reduction of 
270 

Electrocardiogram, effect of cooling anterior 
chest wall on T wave of (Rahman et 
al.), 394 

in hemorrhagic fever (Smyth and Powell), 
218 

influence of khellin (Visammin) upon electro- 
cardiogram (Pines), 487 

Electrocardiograms recorded during acute 
phase of hemorrhagic fever (Smyth 
and Powell), 234 

convalescent stage of hemorrhagic fever 
(Smyth and Powell), 238 

Electrocardiograph, direct-coupled, line-oper- 
ated (Sekelj et al.), 95 

Electrocardiographic abnormalities during 
acute phase of hemorrhagic fever, de- 
scription of 27 cases with (Table 1) 
(Smyth and Powell), 222 

changes during sensitivity reaction to peni- 
cillin (Glotzer), 300 
transient, identical with those of acute 
myocardial infarction accompanying 
attacks of angina pectoris (Roesler 
and Dressler), 520 

Electrocardiography, clinical, new synthesis of 
some of physical foundations of (Kes- 
selman), 360 

modern, 155 (B. Rev.) 

Elektrokardiogramm bei Dystrophic als Bei- 
trag zur Physikalisch-physiologischen 
Analyse Elektrokardiogramms, 
154 (B. Rev. 

Electromagnetic ballistocardiograph, ballistic 
respiratory variation as measured by 
(Anderson et al.), 15 

Embolizations, arterial, systemic, paradoxical, 
interventricular septal defect, pulmo- 
nary artery aneurysm with throm- 
bosis, ‘‘cyanose tardive,” and (Rich- 
ards and Cohn), 313 

Endocarditis, staphylococcus (Miller et ai.), 453 

Erythrocyte sedimentation rate in hemocon- 
centration associated with acute myo- 
cardial infarction (Volk and Losner), 
658 

Estrogens, effect of, on plasma lipids in coro- 
nary artery disease (Oliver and Boyd), 
348 

Exercise, aberrant conduction in supraventricu- 
lar extrasystoles eliminated by (Boi- 
kan and Gunnar), 626 

Extracorporeal circulation, new 
(Juvenelle et al.), 692 


(Mottu), 


method of 
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Extrasystoles, supraventricular, aberrant con- 
duction in, eliminated by exercise 
(Boikan and Gunnar), 626 
ventricular, significance of T-wave inversion 
in sinus beats following (Mann and 
Burchell), 504 
F 
Failure, heart, congestive, effect of ganglion 
blocking agents in (Shuman et al.), 
737 
effect of treatment with acetyl-digitoxin 
on venous pressure, circulation time, 
and vital capacity in patients with 
(Table IV) (Léffler et al.), 904 
Fat tolerance in subjects with atherosclerosis: 
heparin effects upon lipemia, lipo- 
proteins, and gamma globulin (Wol- 
dow et al.), 568 
Fibrillation and defibrillation, behavior during; 
extracorporeal circulation (Juvenelle 
et al.), 711 
during cooling and rewarming, prevention of; 
extracorporeal circulation (Juvenelle 
et al.), 721 
Flarimeter, improved (Wells), 102 
Floridians, native-born, and non-Floridians, 
rheumatic heart disease in (Saslaw 
et al.), 580 
Fluorodensography with radiopaque substance, 
pulmonary circulation time, elbow- 
left ventricle and elbow-right ventricle 
circulation times, obtained by means 
of (Neri et al.), 818 
Fonocardiografia clinica, 320 (B. Rev.) 
Frontal plane ventricular gradient and its spa- 
tial counterpart, theoretical and ex- 


perimental bases of (Simonson et al.), 


G 

Gamma globulin, heparin effects upon lipemia, 
lipoproteins, and; fat tolerance in sub- 
jects with atherosclerosis (Woldow 
et al.), 568 

Ganglion blocking agents, effect of, in conges- 
tive heart failure (Shuman et al.), 737 

Gradient, ventricular, frontal plane, and its 
spatial counterpart, theoretical and 
experimental bases of (Simonson et 


al.), 122 
H 


Heart beat, 154 (B. Rev.) 
clinical disorders of, 475 (B. Rev.) 
congenital, and acute myocardial 
infarction (Vesell), 604 
role of auscultation in diagnosis of (Rein- 
hold and Nadas), 405 
rheumatic, chronic, with mitral stenosis, 
effect of lanatoside C on circulatory 
and ventilatory changes of (Gray and 
Gray), 282 
in native-born Floridians and non-Flo- 
ridians (Saslaw et al.), 580 
scleroderma, some aspects of (Mustakallio 
and Sarajas), 437 


disease 


| 

im 
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Heart beat—Cont'd 
dog’s, normal auricular activation in (Puech 
et al.), 174 
effort, artificial reduction of (Mottu), 270 
failure, congestive, blood volume in, as deter- 
mined with iodinated human serum 
albumin (Kaplan et al.), 824 
effect of ganglion blocking agents in 
(Shuman et al.), 737 
of rat with special reference to conducting 
system (Prakash), 241 
position and rotation, effect of, on cardiac 
vector: experimental study (Wolff 
et al.), 161 
rare malformation of, probably amenable to 
surgery; cor triatriatum (Pedersen 
and Therkelsen), 676 
valvular disease of right side of (pulmonary 
stenosis and tricuspid regurgitation 
without septal defects), malignant 
carcinoid of small intestine with meta- 
stases to liver, peripheral vasomotor 
symptoms, bronchoconstriction, and 
unusual type of (Thorson 
et al.), 795 

Hearts, congenitally malformed, autopsy diag- 
nosis of, 793 (B. Rev.) 

Hematocrit, effect of continuous intravenous 
infusion of Aramine on creatinine 
clearance, renal plasma flow, and 
(Table IB) (Livesay et al.), 749 

Hemoconcentration associated with acute myo- 
cardial infarction, erythrocyte sedi- 
mentation rate in (Volk and Losner), 
658 

Hemodynamic effects, cardiovascular and renal, 
on Aramine (Livesay et al.), 745 

response, cerebral, to xanthine compound, 
Parephyllin (diethyl-aminoethy]! the- 
ophylline hydrochloride) (Moyer and 
Snyder), 912 

Hemorrhagic fever, description of 
with electrocardiographic abnormali- 
ties during acute phase of (Table I) 
(Smyth and Powell), 222 

electrocardiogram in (Smyth and Powell), 
218 
electrocardiograms recorded during acute 
phase of (Smyth and Powell), 234 
stage of (Smyth 


cvanosis 


27 Cases 


during convalescent 
and Powell), 238 
Heparin effects upon lipemia, lipoproteins, and 
gamma globulin; fat tolerance in sub- 
jects with atherosclerosis (Woldow 
et al.), 568 
Homogeneous torso, image surface of (Frank), 
757 
Hypertension, coronary occlusion, and coro- 
nary artery disease, etiology of cardiac 
enlargement in (Master), 321 
pulmonary, studies of (Yu et al.), 330 


Hypertensive diseases: causes and control, 936 


(B. Rev.) 
Hypertrophy, ventricular, left (Wolff et al.), 


right, correlation of spatial vectorcardio- 
gram with (Elek et al.), 369 


| 
| 
| 
| 
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Hypertrophy—Cont'd 
| incomplete right bundle branch block 
complicated by (Wolff et al.), 171 


I 
Image surface of homogeneous torso (Frank), 
Infarction, cardiac, artificially induced, in dog, 


effects of cortisone and ACTH on 
(Hoover and Manning), 343 
myocardial, acute, accompanying attacks of 
angina pectoris, transient electrocar- 
diographic changes identical with 
those of (Roesler and Dressler), 520 
associated with acute porphyria (Al- 
bright and Brown), 108 
congenital heart disease and (Vesell), 604 
erythrocyte sedimentation rate in hemo- 
concentration associated with (Volk 
and Losner), 658 
prolonged survival following perforation 
of interventricular septum as result of 
(Briggs and Holt), 926 
secondary to nonpenetrating injury of 
chest wall, coronary thrombosis with 
(Lehmus et al.), 470 
spatial vectorcardiogram in, typified by 
prominent R waves in leads aVp and 
V, (Elek et al.), 477 
septal, right ventricular stenosis of Bernheim 
tvpe in case of (Cordeiro), 112 
Infarctions, myocardial, value of additional 
thoracic and abdominal unipolar leads 
for diagnosis of location and extension 
of (Lambert), 40 
“Insufficiency, coronary,”’ evaluation of 
(Scherf and Golbey), 928 
(Simonson et al.) 


term 


Integrator, electronic area 
148 
Interventricular septal defect, pulmonary ar- 
tery aneurysm with thrombosis, ‘‘cy- 
anose tardive,” and paradoxical sys- 
temic arterial embolizations (Richards 
and Cohn), 313 
septum, infarcted, perforation of 
and Landale), 432 
prolonged survival following perforation of, 
as result of myocardial infarction 
(Briggs and Holt), 926 
Intestine, small, malignant carcinoid of, with 
metastases to liver, valvular disease 
of right side of heart (pulmonary ste- 
nosis and tricuspid regurgitation with- 
out septal defects), peripheral vaso- 
motor symptoms,  bronchoconstric- 
tion, and unusual type of cyanosis 
(Thorson et al.), 795 
Intracardiac phonocardiography 
et al.), 424 


(Schlappi 


(Yamakawa 


IX 


*Khellin, soluble, Nokhel,”’ spasmolytic ac- 
tion of (Barsoum and Kenawy), 297 
(Visammin), influence of, upon electrocardio- 


gram (Pines), 487 


— 
| 
| 
| 
| 
| 


SUBJECT INDEX 


Lanatoside C, effect of, on circulatory and ven- 
tilatory changes of chronic rheumatic 
heart disease with mitral stenosis 
(Gray and Gray), 282 

Leads aVp and \V,, spatial vectorcardiogram in 
myocardial infarction typified by 
prominent R waves in (Elek et al.), 
477 

unipolar, thoracic and abdominal, additional, 
value of, for diagnosis of location and 
extension of myocardial infarction 
(Lambert), 40 

Leistungssteigerung: _Leistiing-Ubermiidung- 
Gesunderhaltung, 935 (B. Rev.) 

Lipemia, lipoproteins, and gamma _ globulin, 
heparin effects upon; fat tolerance in 
subjects with atherosclerosis (Woldow 
et al.), 568 

Lipids, plasma, effect of estrogens on, in coro- 
nary artery disease (Oliver and Boyd), 
348 

Lipoproteins, lipemia, and gamma _ globulin, 
heparin effects upon; fat tolerance in 
subjects with atherosclerosis (Woldow 
et al.), 568 

Liver, malignant carcinoid of small intestine 
with metastases to, valvular disease 
of right side of heart (pulmonary 
stenosis and tricuspid regurgitation 
without septal defects), peripheral 
vasomotor symptoms,  bronchocon- 
striction, and unusual type of cyan- 
osis (Thorson et al.), 795 

Los Angeles County mass chest x-ray survey, 
cardiovascular aspects of (Jacobson 
et al.), 860 

Lung biopsies, clinicopathologic correlation of, 
in mitral stenosis (Goyette et al.), 645 


M 


Medicine, modern concepts in, 155 (B. Rev.) 
Metastases to liver, malignant carcinoid of 
small intestine with, valvular disease 
of right side of heart (pulmonary ste- 
nosis and tricuspid regurgitation with- 
out septal defects), peripheral vaso- 
motor symptoms, bronchoconstric- 
tion, and unusual type of cyanosis 
(Thorson et al.), 795 
Mitral stenosis, clinicopathologic correlation of 
lung biopsies in (Goyette et al.), 645 
effect of lanatoside C on circulatory and 
ventilatory changes of chronic rheu- 
matic heart disease with (Gray and 
Gray), 282 
functional, produced by intra-atrial tumor 
(Likoff et al.), 619 
summary of clinical and physiological data 
in 43 patients with (Table I) (Yu et 
al.), 334 
Muscle creatine levels, studies on whole blood 
and: effect of systemic and_ local 
anoxia, of cardiac failure and compen- 
sation, and of alpha-tocopherol ad- 
ministration (Sutton et al.), 67 
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Myocardial infarction, acute, accompanying 
attacks of angina pectoris, transient 
electrocardiographic changes identical 
with those of (Roesler and Dressler), 
520 

associated with acute porphyria (AI- 
bright and Brown), 108 
congenital heart disease and (Vesell), 604 
erythrocyte sedimentation rate in hemo- 
concentration associated with (Volk 
and Losner), 658 
prolonged survival following perforation of 
interventricular septum as result of 
(Briggs and Holt), 926 
secondary to nonpenetrating injury of 
chest wall, coronary thrombosis with 
(Lehmus et al.), 470 
spatial vectorcardiogram in, typified by 
prominent R waves in leads aVR and 
\V, (Elek et al.), 477 
infarctions, value of additional thoracic and 
abdominal unipolar leads for diagnosis 
of location and extension of (Lam- 
bert), 40 

Myocarditis isolated, acute, simulating coro- 
nary occlusion (Gillis and Walters), 
117 

Myocardium, atrial, smooth muscle and, dis- 
tance of overlap of (Burch and Rom- 


ney), 59 
nature of overlap of (Burch and Rom- 
ney), 61 


N 
Nokhel 


soluble khellin,’’ spasmolytic action 
of (Barsoum and Kenawy), 297 


O 


Occlusion, coronary, acute isolated myocarditis 
simulating (Gillis and Walters), 117 
hypertension, and coronary artery disease, 
etiology of cardiac enlargement in 
(Master), 321 


P 


Parephyllin (diethvlaminoethyl theophylline 
hydrochloride), xanthine compound, 
cerebral hemodynamic response to 
(Mover and Snyder), 912 

(R-3588), effect of, on cerebral blood oxygen 
and carbon dioxide (Table IT) (Mover 
and Snyder), 915 

Patent ductus arteriosus, atypical (Reinhold 

and Nadas), 419 

foramen ovale, pulmonary artery thrombosis 
simulating pulmonic valve stenosis 
with (Dimond and Jones), 105 

Penicillin, electrocardiographic changes during 
sensitivity reaction to (Glotzer), 300 

Pericarditis, idiopathic, ventricular tachycardia 
due to, controlled by simultaneous 
intraveneous procaine amide and 
quinidine (Morris and Franklin), 919 


L 
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Peripheral vasomotor symptoms, malignant 
carcinoid of small intestine with meta- 
stases to liver, valvular disease of right 
side of heart (pulmonary stenosis and 
tricuspid regurgitation without septal 
defects), bronchoconstriction, and un- 
usual type of cyanosis (Thorson et al.), 
795 

Phonocardiography, intracardiac (Yamakawa 
et al.), 424 

Pitressin, effects of intravenous administration 
of (Wakim et al.), 80 

on systemic and pulmonic blood pres- 

sures (Wakim et al.), 81 

flow, renal creatinine clearance, and 

hematocrit, effect of continuous intra- 

venous infusion of Aramine on (Table 

IB) (Livesay et al.), 749 

levels, quinidine, and rate of decline follow- 
ing cessation of quinidine administra- 
tion, studies of (Swisher et al.), 449 

lipids, effect of estrogens on, in coronary 
artery disease (Oliver and Boyd), 348 

Poisoning, digitalis, bidirectional ventricular 
tachycardia due to (Zimdahl and 
Townsend), 304 

Porphyria, acute, acute myocardial infarction 
associated with (Albright and Brown), 
108 

Pressure, blood, some epidemiologic aspects of, 

and its relationship to diet and con- 

stitution with particular considera- 

tion of Chinese (Lowenstein), 874 

“capillary,” left atrial and pulmo- 
nary, during Valsalva’s experiment 

(Bjork et al.), 635 

Procaine amide and quinidine, intravenous, 
simultaneous, ventricular tachycardia 
due to idiopathic pericarditis con- 
trolled by (Morris and Franklin), 919 

Protractor for location of null point (Simonson 
et al.), 152 

Pulmonary artery aneurysm with thrombosis, 
interventricular septal defect, ‘‘cya- 
nose tardive,”’ and paradoxical sys- 

temic arterial embolizations (Richards 
and Cohn), 313 
left, absence of (McKim and Wiglesworth), 
845 
thrombosis simulating pulmonic valve ste- 
nosis with patent foramen ovale 
(Dimond and Jones), 105 
‘capillary” pressure curves, left atrial and, 
during Valsalva’s experiment (Bjérk 
et al.), 635 
hypertension, studies of (Yu et al.), 330 
veins, functional anatomy and ‘“‘throttle 
valve” action of (Burch and Romney), 
58 
nature of termination of lumina of, into 
left atrium (Burch and Romney), 62 
nervous tissue in (Burch and Romney), 63 
venous connection, total, anomaly of (Bruce 
and Hagen), 785 

Pulse rate, behavior of blood pressure and, dur- 
ing experiments; extracorporeal circu- 
lation (Juvenelle et al.), 698 

Pulseless disease (Jervell), 780 


Plasma 


curves, 


SUBJECT INDEX 


Q 


ORSEs loop, normal (Wolff et al.), 164 
Q-T interval, duration of, during anoxemia test 
(Roehm et al.), 204 
T wave and its relation to cardiac cycle 
and to (Table I) (Gross), 516 
Quinidine, analeptic effects of Aranthol in vaso- 
motor depression induced by (Weis- 
man et al.), 84 
plasma levels and rate of decline following 
cessation of quinidine administration, 
studies of (Swisher et al.), 449 
simultaneous intravenous procaine amide 
and, ventricular tachycardia due to 
idiopathic pericarditis controlled by 
(Morris and Franklin), 919 


R 


RK waves, prominent, in leads aVp and V,, spa- 
tial vectorcardiogram in myocardial 
infarction typified by (Elek et al.), 477 

Radial sheet modulator and SVEC, application 
of, to spatial vector ventricular gra- 
dient measurement (Simonson et al.), 
144 

Radiopaque substance, pulmonary circulation 
time, elbow-left ventricle and elbow- 
right ventricle circulation times, ob- 
tained by means of fluorodensography 
with (Neri et al.), 818 

Rat, heart of, with special reference to conduct- 
ing system (Prakash), 241 


Regurgitation, aortic, predominant lesion: 
clinical data (Table IB), (Goldberg 
et al.), 532 


physiologic data (Table IIB) (Goldberg 

et al.), 548 

Renal and cardiovascular, hemodynamic effects 
of Aramine (Livesay et al.), 745 

Respiratory variation, ballistic, as measured by 
electromagnetic ballistocardiograph 
(Anderson et al.), 15 

Rheumatic heart disease, chronic, with mitral 
stenosis, efiect of lanatoside C on 
circulatory and ventilatory changes of 
(Gray and Gray), 282 


in native-born Floridians and non-Flo- 
ridians (Saslaw et al.), 580 
S 
Scleroderma heart disease, some aspects of 
(Mustakallio and Sarajas), 437 


Sedimentation rate, erythrocyte, in hemocon- 
centration associated with acute myo- 
cardial infarction (Volk and Losner), 
658 

Septal defect, atrial (Reinhold and Nadas), 415 

interventricular, pulmonary artery aneur- 
ysm with thrombosis, ‘‘cyanose tar- 
dive,’’ and paradoxical systemic arte- 
rial embolizations (Richards and 
Cohn), 313 

ventricular, and single ventricle (Reinhold 
and Nadas), 413 

infarction, right ventricular stenosis of Bern- 

heim type in case of (Cordeiro), 112 


| 


SUBJECT INDEX 


Septum, interventricular, infarcted, perforation 
of (Schlappi and Landale), 432 
prolonged survival following perforation of, 
as result of myocardial infarction 
(Briggs and Holt), 926 
Serum albumin, human, iodinated, blood vol- 
ume in congestive heart failure as de- 
termined with (Kaplan et al.), 824 
Shutter, asymmetrical, ballistoscope recording 
with aid of (Losner), 34 
description of (Losner), 35 
Sinus beats, significance of T-wave inversion 
in, following ventricular extrasystoles 
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ILIDAR 


new guadrergic vasodilating agent 


for vasospastic disorders characterized by aching, 
numbness, coldness and blanching of the extremities 


ILIDAR is a completely new synthetic vasodilator with quadrergic 
action; its vasodilating effect is the result of four distinct phar- 
macologic actions: (1) Sympatholytic—lIlidar blocks the vaso- 
constrictor response to peripheral sympathetic nerve stimulation; 
(2) Adrenolytic—it blocks the vasoconstrictor effects of epinephrine 
and norepinephrine; (3) Epinephrine Reversal—lIlidar unmasks 
the latent dilator response to circulating epinephrine in skeletal 
muscle and skin, converting the constrictor response to vasodilation; 
(4) Direct Vasodilation. 


INDICATED in vascular diseases in which vasospasm is an important 
component, e.g., Raynaud’s Disease, thromboangiitis obliterans, 
arteriosclerosis obliterans, endarteritis, post-phlebitic syndrome, etc. 


- DOSAGE, ORAL, 25 mg t.i.d., gradually increased to tolerance 


(average, 200 mg daily). 


ILIDAR (phosphate) ‘Tablets, 25 mg. Bottles of 100 and 500. 


ILIDAR®~—brand of azapetine (6-allyl-6, 7-dihydro-5H-dibenz [c,e] azepine) 


HOFFMANN-LA ROCHE INC «+ ROCHE PARK + NUTLEY 10 + NEW JERSEY 
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angina pectoris 
coronary occlusion 
peripheral or pulmonary embolism 


‘Paveril 
Phosphate 


(Dioxyline Phosphate, Lilly) 


relaxes vasospasm 
increases exercise tolerance 


lessens the frequency of pain 


SUPPLIED AS: 


1 1/2-grain and 3-grain tablets 


AVERAGE DOSE: 


1 1/2 to 6 grains three or four times a day, before 
meals and at bedtime 


ELI LILLY AND COMPANY, INDIANAPOLIS 6, INDIANA, U.S.A. 
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